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PREFACE TO THE FOURTH EDITION 


When the late Richard H. Lansburgh wrote the first edition of this 
book in 1923, he established a pattern that has been rigidly followed in 
each subsequent edition. Our purpose has been to establish a balance 
between theory and practice and to have the theory an outgrowth or 
projection of successful practice rather than pure abstraction. 

It has been our aim to keep both the college student and the executive 
in mind as each chapter was written. The college student desires to 
learn the latest practices and the theory behind them, and the executive 
is interested in suggestions that may help him solve his current problems. 
Throughout the book an effort has been made to show the relationships 
and the interdependence of the various major departments of a business. 
The policies and principles of successful management and the devices 
to carry them out arc presented. Without these no management, how- 
ever clearly conceived, can be successful. 

Although the philosophy on which this book is based includes a belief 
in private enterprise and in individual initiative and responsibility, the 
importance of group effort is fully acknowledged. It is recognized that 
management has a responsibility to the community, the consumers, the 
employees, the owners, and organized government. Scientific manage- 
ment strives to harmonize the various interests involved in the produc- 
tive process. Business relationships have been treated with the belief 
that faith must be created in modern business — faith of the management 
in the employee, and faith of the employee in the management. These 
relationships have been presented with the thought that worth-while 
management must be courageous and willing to lead, but must be always 
careful lest unprofitable experiments discourage future attempts to im- 
prove management methods. 

Throughout the book the central purpose has been to present a unified 
treatise. The technical sections of Chapters X, XIV, XV, and XVI are 
presented as general information; it is not expected that the average 
student will master these technical details. 

Sound managerial principles are universally applicable; hence the 
illustrations have been selected from a variety of industries. In the 
main, the text has been developed from the point of view of the medium* 



vi PREFACE TO THE FOURTH EDITION 

sized plant, but frequent reference has been made to the large and the 
small enterprise. Since the basic principles and policies which have 
been laid down are applicable everywhere, only the systems and devices 
which put them into effect need be modified as the size of the plant 
changes. 

The help given by many business leaders and professional associates 
is gratefully acknowledged; recognition is made in the text for their 
contributions. Special appreciation is due Professors Myron L. Bege- 
man of the University of Texas, Charles B. Gordy of the University of 
Michigan, W. F. Spafford of Rensselaer Polytechnic Institute, and H. 
Barrett Rogers and Franklin G. Moore of Northwestern University for 
their detailBS suggestions and reading of certain chapters. My associ- 
ates at Northwestern University, Professors Chester Willard, Adolph 
Langsner, Frank F. Henry, and Joseph W. Towle, have also made valu- 
able suggestions as tfiey have taught the course over the past five years. 
I am especially appreciative of the help given me by my wife in correct- 
ing the manuscript. 

William R. Spriegel 

Evanston, Illinois 
January, 1947 



PREFACE TO THE THIRD EDITION 


The fundamentals of management have changed little if any since 
the Second Edition of this book appeared in 1928. During the past 
decade, however, the emphasis on managerial technique has shifted con- 
siderably. It is to include these external social influences and recent 
trends in technical details that this revision has been undertaken. 

The text is intended primarily for the college student who has had 
little or no industrial experience, although the essential features of the 
Second Edition, which has been successfully used in evening classes by 
hundreds of employed men and women, have been preserved. Extensive 
use has been made of the illustrations to enable the student to visualize 
more accurately the techniques and industrial situations described. 

There has been no attempt to make an original contribution to the 
literature on management. Most of the new material of this edition 
has appeared in some form in management periodicals, has been pre- 
sented at meetings of the professional societies, or has grown out of 
the authors^ industrial experience. A conscious effort has been made to 
present what appears to the authors to be a sound philosophy of manage- 
ment, which may be summarized as a balanced relationship between the 
equities of the consumer, labor, owners of capital, management, and or- 
ganized society or government. Any deviation from this approach has 
been a question of interpretation, not intent. 

This new edition emphasizes the social and personnel aspects of 
industrial organization and management. A chapter has been included 
briefly summarizing some of the governmental influences upon manage- 
ment. Throughout the text the central aim has been to present a unified 
treatise. The technical sections of Chapters XI, XII, XIII, and XVI 
are presented as a matter of general information for the student; it is not 
expected that the average student will master these technical details. 

This revision is built on the firm foundation laid by Mr. Lansburgh 
in his first two editions, and the privilege of using his second edition and 
accumulated notes is gratefully acknowledged. Professors Leon Bosch 
Adolph Langsner, and Arthur Bronwell of Northwestern University have 
made valuable suggestions concerning the arrangement of certain mate- 
rial. Professor Bronwell made a special contribution to Chapter XIII, 
‘‘Factory Power.” Mr. L. B. Cappa and Mr. R. J. Seitz of the Public 
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Service Company of Northern Illinois made valuable contributions to 
the treatment of industrial power and light. The representatives of the 
many industries referred to by name in the body of the text have been 
especially co-operative in supplying source material. 


Evanston, Illinois 
July 1, 1940 


William R. Spriegel 



PREFACE TO THE FIRST EDITION 


With the confident judgment that in careful analysis of management 
problems is to be found the hope of industry, this book has been developed. 
Stress has been placed on general organization problems, not only in the 
chapters on organization, but throughout the text, with the deep conviction 
that if a satisfactory structure be developed for any enterprise, all other 
phases of management are simplified. 

With the hope of stressing the fundamentals of sound management, 
which must be developed prior to granting attention to more spectacular 
phases, a number of chapters have been devoted to the background of 
present-day management policies, to organization as an abstract considera- 
tion, and too of ten-unappreciated standardization work. Throughout, the 
effort has been made to show the relationships of each major portion of 
the business to the others and the interdependence of the various major 
departments. Policies and principles of successful management form the 
background, into which are fitted the devices to carry them into effect, 
without which no management, however highly conceived, may be 
successful. 

Operations have been treated with the belief that faith must be created 
in modern business, faith of the management in the employee, and faith 
of the employee in the management. They have been described with the 
thought that worthwhile management must be courageous, must be willing 
to lead, but must be always careful lest unprofitable experiments dis- 
courage future attempts to improve management methods. 

The examples and illustrations have been chosen from a diverse group 
of industries in the hope of insuring that good management be looked 
upon as universally applicable. At the same time they have been chosen 
from the standpoint of best explaining the problem at hand. Illustrations 
have been taken from particular plants, wherever practicable; but neces- 
sarily, for clarity and to reach fundamentals, applications have at times 
been made to insure full understanding of the general principles. In the 
main, the text has been developed from the point of view of the medium- 
sized plant, but frequent reference has been made to the large and the 
small enterprise. Such basic principles and policies as have been laid 
down are applicable everywhere, and only the svstems and devices which 
cany them into effect must be modified as the size of the plant chan^. 
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In brief, this book aims to present a co-ordinated, simple treatment of 
the problems, the ideals, and the methods of successful industrial manage- 
ment in a way which is at the same time broad and specific, and which 
aims to indicate the responsibilities of the factory executives to the workers, 
the stockholders, and the community. 

During the preparation of this book, over a period of several years, 
the constant help and advice of numerous industrial executives has made 
possible the presentation of much of the material which is included. 
The author wishes to express especial appreciation of the aid received 
from Mr. Percy S. Brown, Works Manager of the Corona Typewriter 
Company; Mr. George Comfort, Works Manager of the Miller Lock 
Company; Mr. James M. Ketch of the National Lamp Works; and Mr. 
H. K. Hathaway, Consulting Engineer in Management. Mr. Charles B. 
Gordy, Assistant Prg|fessor of Mechanical Engineering, University of 
Michigan, and Mr. John S. Keir, Professor of Industrial Economics, 
Carnegie Institute of Technology, have also rendered criticisms and 
comments which have materially assisted in developing the text. During 
the preparation of the book continual constructive comment and criticism, 
and, indeed suggestions for rearrangement of material, as well as much 
of the material itself, have been received from the following, who are or 
have been instructors in the Department of Industry of the Wharton 
School of Finance and Commerce of the University of Pennsylvania: 
Messrs. Robert P. Brecht, John W. Carter, Leon Henderson, Victor S. 
Karabasz, Francis P. O’Hara, Norris M. Perris, Theodore R. Snyder, 
and Morton S. Whitehill. For reading the completed manuscript and 
making numerous valuable comments thereon, the author is very grateful 
to Professor Erwin H. Schell, of the Massachusetts Institute of Technology. 
He wishes to express his deep appreciation of the aid received from all these 
sources, to which such features of this text as may be valuable are largely 
due. 

Richard H. Lansburgh. 

Philadelphia, Pa. 

July, 1923. 
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PART I 


INTRODUCTION 

CHAPTER 1 

THE HISTORICAL BACKGROUND OF INDUSTRIAL 
MANAGEMENT 

Industrial history. The factory system is frequently referred to as 
the fourth milestone of industrial history, the first three being domestic 
production, handicraft production, and cottage production. The factory 
period, however, is composed of divisions as nearly distinct as the several 
periods themselves. 

Domestic production was production in the household, for the mem- 
bers thereof, from raw materials furnished largely by the household itself. 
In its present form, found at any time only for a temporary period and 
only on the very frontiers of civilization, domestic production implies 
essentially an absence of exchange and the ability of each household to 
satisfy the wants of its members by its own labor. 

Handicraft production was carried on either within or outside the 
house and was characterized by what is called ‘^custom production.” 
The handicraft producer usually worked for the consumer of his product, 
the region of the sale tended to be local, and the product of one craftsman 
might be bartered for that of another, or an actual sale might take place. 
The development of handicraft production was accompanied by the 
growth of guilds, or associations of workers in the same trade, banded 
together to promote their mutual interests. The growth of a particular 
guild in a town often caused that town to become the center of a certain 
type of manufacturing, and the guild in time came to control the town 
government as well as its trade. There was no large class of wage 
workers under the guild system, but each worker, having passed through 
his years of apprenticeship, could become a master of the craft. There 
was no employer or employee class. 

The control of guilds over production did not survive up to the opening 
of the factory era, although, in a larger sense, handicraft production did. 
The gradual development of capital, the discoveries and explorations of 

1 
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the fifteenth and sixteenth centuries, and the consequent growth of trade 
together caused the power of the guilds to decay, partly because of their 
restrictive regulations, such as the strict limitations which they placed 
on the number of apprentices. During this period of the guilds the 
entrepreneur began to make his appearance in industry. The master 
worker or merchant who had accumulated some capital bought raw mate- 
rial and distributed it to workers, later collecting and distributing the 
finished product, either directly to consumers or to merchants. In the 
sixteenth, seventeenth, and early eighteenth century this method pre- 
vailed in the manufacture of staple commodities and became the fore- 
runner of tbe^ factory system. As a result of this plan the era came to 
be called the ^‘cottage period” of industry, since so much of the work 
was done in cottages just outside of towns. The workers still owned 
the tools of product!^, but the contact with consumers of their product 
was made for them by merchants. Many sections of Japan today carry 
on this type of manufacturing extensively. A similar system prevails 
in our southern states, where the manufacture of candlewick bedspreads, 
chairs, and other articles is often carried on at home. 

It is estimated that in Germany just before 1800 there were at 
least twenty establishments, each employing between one hundred and 
five hundred persons. These factories were essentially an extension or 
outgrowth of the domestic system of production. They existed side by 
side Tvith the handicraft system. Specialization of labor took place to 
a limited extent, yet these establishments should not be thought of in 
the sense of the modern factory. Had it not been for the Industrial 
Revolution, it is conceivable that these factories might well have re- 
placed the prevailing handicraft system, thus producing social disloca- 
tions similar to those that followed the Industrial Revolution in England.^ 

The factory system. The chief factors bringing about this new scheme 
of industrial production were four inventions, made in England during 
the closing years of the eighteenth century, which provided machines 
for the textile industry. James Hargreaves^ spinning jenny, patented in 
1770 but in use several years before that date, was the first machine to 
spin yarn. It was improved upon in 1771 by Richard Arkwright, who 
invented what he termed a ^Vater frame.” In 1779 Samuel Crompton 
constructed his ^^mule,” so called because its construction embodied fea- 
tures of both earlier inventions. This device increased the potential 
production of yarn beyond the ability of the weavers to make it into 
finished fabric. This condition was directly contrary to that prevailing 

^See Dexter S. Kimball, Prindplea of Industrial Organization, Fifth Edition, 
McGraw-Hill Book Company, New York, 1939, p, 8. 
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before the invention of Hargreaves^ jenny, when the use of a “fly-shuttle” 
(practically a hand device) had given weavers a capacity for work that 
could not be met by the spinners. By this time, however, the invention 
of textile machinery had gained a fair start, and the need was met in 
1785 by the fourth great invention, Edmund Cartwright^s power loom. 
These inventions served, within comparatively few years, to revolutionize 
the textile industry — ^the industry which, possibly more than any other, 
is closely interwoven with human wants and human progress — and to 
place it on a machine basis. Although it was not until the invention of 
the steam engine by James Watt and its adaptation to factory work in 
the closing years of the century that industry broke away from the 
hampering limitations of the use of water power, the real Industrial 
Revolution, the change toward the factory system, had begun. 

Similar inventions or changes in method took place simultaneously or 
shortly thereafter in many lines of work, particularly metal-cutting. 
The slide-rest for accurately guiding cutting tools, the turret, and the 
combination of these two elements into the automatic lathe by Chris- 
topher M. Spencer of Connecticut were the epoch-making improvements 
in machine-tool construction, and they were all made about this time. 
It would be difficult to overemphasize the importance of these metal- 
working tools. They can be and are frequently used in mass production, 
but they are essentially general-purpose machines in contrast to special- 
purpose production machines. The machine tools are used in making the 
production type of machines. Motors, pumps, generators, and special- 
purpose high-production machines are produced with the precision type 
of machine tool. Watt, for example, was thoroughly familiar with the 
principles of his steam engine long before he was able to build a produc- 
tion engine. He was forced to wait more than a decade before a boring 
machine was devised to turn the cylinder with suSiciently accurate di- 
mensions from the bottom to the top. 

Effects of the Industrial Revolution. The effect of the Industrial 
Revolution was felt almost as quickly in the United States as in Eng- 
land. The first cotton factory of any importance in the United States 
was established in 1790. The differences between the United States and 
England lay in the fact that England was primarily an industrial coun- 
try, whereas there was but little manufacturing in the United States. 
The immediate effect on the social and economic life of the people in 
America therefore was less marked, although largely governed by the 
same influences. 

An illustration of the transfer of skill from the worker to the machine 
is found in furniture manufacture. Under the old regime and even today 
in the small-scale custom production shop the worker was a cabinet- 
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maker, one of the aristocrats among skilled workmen. When volume 
justifies the expense involved, practically all such work as cutting to 
lengths and shaping is reduced to machine operations, with only the 
assembling in fixtures done by hand. The product of the present assem- 
bly is more uniform than that of the skilled mechanic under the hand- 
assembly methods. An alert farmer boy or girl can easily learn to make 
this assembly in a three-day period. The cabinetmaker, on the other 
hand, served an apprenticeship for four years. 

Since the transfer of skill involves, at least temporarily, loss of earning 
power for the particular workers involved, it is not hard to account for 
the frequent supposition of workmen to the introduction of new machinery. 
The skilled worker found himself degraded in many cases to the level of 
unskilled girls and boys, who could operate the new machines. The de- 
grading effect of transferring skill from the worker to the machine was 
not permanent for the working class as a whole. Large groups of work- 
ers were soon needed to produce the machines with which the others 
worked, and this, together with the general expansion of industry, 
afforded increasing employment for skilled men. Frequently, however, 
the individual suffered, as did the skilled weaver, whose place was taken 
by the automatic loom; the skilled work was largely done by the metal 
worker, in an entirely different trade. The result was the economic de- 
grading of the displaced skilled worker and an increase in the number 
of skilled workers required for the manufacture and servicing of the tools 
and equipment, making a net gain to society as a whole, but a distinct 
loss to the group displaced. These new machines were operated by the 
group that formerly comprised the unskilled workers. They now became 
semiskilled operators, a change which raised their economic status. The 
decreased cost of the finished product widened the market, thus increas- 
ing the total number of units required and making possible a general 
rise in the standard of living. 

Opposition to new machinery was strong even in the early days of the 
Industrial Revolution. A mob of spinners wrecked the first machine 
built by Hargreaves. An early American illustration of the opposition 
of vested interests of workmen to the introduction of new equipment and 
methods is significant. When the West was first being opened, materials 
and supplies were transported across the mountains from Virginia and 
North Carolina into Kentucky by pack trains of horses and mules. This 
was a slow and expensive method. Soon the trails were widened, and 
wagon trains began to move westward. The pack-train drivers opposed 
this method and rolled stones down the mountain sides to destroy the 
wagon trains and the new roads. The idea has persisted to the present. 
Congress was influenced by pressure from organized labor to insert a 



Ch. 1 


EARLY AMERICAN BUSINESS 


5 


provision in the Emergency Transportation Act of 1933 to the effect 
that action taken under this act should not reduce the number of em- 
ployees below the number employed during May, 1933, after deducting 
the number removed by death, retirements, or resignations. Opposition 
to the introduction of new devices may be directed toward machinery 
which itself increases output or absorbs workers^ skill. However, it often 
has been directed toward devices or management methods which study 
processes or measure output in order that management may know better 
how quickly work should be done. 

The effects of the transfer of skill were far-reaching and complex. One 
immediate effect, and one of the most significant, was to separate the 
worker from the ownership of the tools of industry. No longer was it pos- 
sible for the apprentice, becoming a craftsman, to be presented by his 
proud mentor with the implements of his trade. Capital was now required 
both to build these new tools and to provide power to operate them. The 
rise of the capitalist class, already begun, was therefore accelerated. 
The immediate results, particularly in England, of the rapid rise of this 
newer class in society and the accompanying degradation of the worker 
are well known. If it had not been the day of the economic doctrine of 
laissez faire and if Britain had not been engaged in a long series of foreign 
wars, the industrial history of the period might have been different; but 
it now stands as the historic example of frightful working conditions — 
child labor to the point of death in childhood, and general inhuman treat- 
ment of the worker. It was the natural result of too-rapid transition 
from one economic era to another. 

The factory system in the United States. When the manufactures of 
the United States began to grow in the second decade of the nineteenth 
century, the factory system was established, but its social effects were 
not so severe as in Europe, where different manufacturing conditions were 
overturned. The factory system in the United States today bears no 
resemblance to that of 1850 and very little to that of 1900. There have 
been fairly distinct periods, during which various aspects seem to have 
been more important than others, but no fine limiting date lines can be 
set for each period. The three most important divisions have been: 

1. The period in which the foundations were laid and the structure was started. 

2. The period of great industrial expansion. 

3. The period of attention to operating methods. 

Early American business. The first period was characterized by small 
factories, patterned basically along European lines, with relatively nar- 
row markets and organizations dominated by the oyrner, or capitalist. 
The growth of a middleman organization and a financial organization to 



6 BACKGROUND OF INDUSTRIAL MANAGEMENT Ch. 1 

market the rapidly increasing product of the factories also was charac- 
teristic of this period. As a basis for its early growth American manu- 
facture had the transplanting of European industry, almost bodily, to 
the shores of this country. European workmen, European machinery, 
frequently European superintendence, and even European raw materials 
formed the entire groundwork for the establishment of our early manu- 
facturing. The development of the merchant class, which was in exist- 
ence long before the formation of the manufacturing-capitalist class, 
quickly progressed. The structure comprising jobber, wholesaler, and 
retailer, with which we are familiar, grew up. Trade customs came to 
be establish^ in certain industries, as in branches of the textile industry, 
whereby all goods were produced primarily for a middleman, who took 
over all phases of the marketing. 

A financial group mose whose business it became to provide the means 
of carrying on the rapidly increasing transactions between these newly 
established groups of industrial society. The larger the competitive area 
over which a product was distributed, the more necessary became the 
services of the financier; thus his growth to a dominating position in 
industry followed the increasing development of markets. 

Despite this opportunity of personal contact in the early days of 
American industry, labor troubles were numerous and could hardly be 
called less violent than those experienced today. They were, however, 
sporadic and unorganized. Strikes occurred, many being caused by the 
attempt to abolish in manufacturing the long hours of agriculture. It 
was many years before the ten-hour day became common. The govern- 
ing philosophy of modern management had not even caught a foothold 
in the industry of the time. There were many attempts to form labor 
organizations, some of which were successful for a time, but there were 
no national union organizations. Those that were successful were local 
associations of workmen in specific trades. 

Industrial expansion. During the period of the great industrial expan- 
sion the United States rose from the position of a novice among nations 
in manufacturing to the position of the greatest manufacturing nation 
in the world. Not only was the home market larger because of the un- 
satisfied wants of a growing population, but also the size of this market 
was important from a political and geographical standpoint. Business 
flowed freely, unhampered by tariffs and other barriers, from Maine to 
California and from Puget Sound to Florida. 

The division of labor resulting from the first machine inventions was 
further increased as manufacturing methods under the factory system 
developed. With ,each invention of a machine, division of labor was 
likely to increase. Increased division of labor made possible further con- 
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struction of machines to perform the simplified operations creating a re- 
ciprocal relationship. Thus the spiral of simplification of operations and 
machine development continued. The two factors became both cause 
and effect when looked at from different points of view in the cycle of 
development of production equipment. Transfer of skill to machines 
made possible the reduction of manufacturing costs, bringing wider 
markets that made possible increased production. Increased volume of 
production encouraged simplification of operations and justified expendi- 
tures for further mechanization. 

The service rendered industry by improved communications cannot be 
measured. Without the growth of the railroad map and railway shipping 
accommodations and service, taking place simultaneously with the de- 
velopment of the telegraph and telephone which made possible the dis- 
semination of news and market information, there could have been no 
such industrial growth as has occurred. 

Wattes invention of the steam engine helped to revolutionize industry, 
but the development of the dynamo and electric motor created real in- 
dustrial power. Invention during this second period of American manu- 
facture founded great new industries, filling new wants and creating whole 
new markets. The use of electricity for power, communication, and light 
created within the last three-quarters of the century one of the great basic 
industries. Within the last forty years the successful use of the gasoline 
engine for transportation purposes has given the United States the auto- 
mobile industry, one of its truly great enterprises. The beginnings of all 
these industries, the refinements in manufacturing technique, and the im- 
provement in product which followed and broadened the market for each 
are all characteristic of the second period in American manufacturing. 

Eli Whitney is known to every sixth-grade American schoolboy as the 
famous inventor of the cotton gin, but few persons know that his greatest 
contribution to modern industrial practice was the introduction of the 
manufacture of standardized interchangeable parts. American manufac- 
turing developed so rapidly, under conditions entirely different from 
those of Europe, that it soon found itself practically free from the bonds 
of European influence. 

The growth of labor unions, organized along present lines of the Ameri- 
can Federation of Labor, is another development of this period. The 
labor unions exist as the crystallization of the labor movements of 
earlier American industry and of forces in existence since the guilds. 
The recent growth of the Congress of Industrial Organizations is a further 
attempt of the labor movement to adjust to corporate large-scale mass 
production. 
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The third period. Attention to operating methods. Many companies 
began to direct attention to economies in production and accurate cost- 
finding methods that gave them an advantage in the establishment of 
selling prices. The scientific industrial age began to arise out of the 
changed conditions. Attention to methods of operation is the outstanding 
feature of this era. Possible methods of saving through more effective 
factory operation are considered, thrashed over in executives^ meetings, 
and adopted as a part of plant policy. 

The tendency toward the creation of larger enterprises continued up 
to the beginning of the depression of 1932.2 At least, there was a definite 
tendency to «eate ^^nterests,^’ which controlled many enterprises from a 
central location. The giant corporation, owned by hundreds or thousands 
of investors, had become common. Such an organization implies control 
of many plants through operating or managing representatives of the 
owners, financial representatives, sales representatives, and production 
representatives. In this organization lies an additional reason for atten- 
tion to operating methods. 

Ownership and management. The stockholders of a corporation meet 
in person or by proxy once a year to pass on certain policies referred to 
them by the board of directors or originated by the stockholders at a 
regular meeting and also to elect a board of directors to represent them 
in the active conduct of the enterprise. During the past twenty years 
the ownership of the voting stock of our large corporations has under- 
gone a marked change. Stocks have become widely distributed. In 1945 
the General Motors Corporation, according to its annual report, had 
425,657 individual stockholders. It is evident that even one per cent 
of them would find it difficult to voice their desires at an annual meeting. 
As a matter of general practice most stockholders give proxies to some 
member of the top management, thus tending to perpetuate a given man- 
agement in power. This trend in administrative and managerial struc- 
ture is an outgrowth of the third period in the development of American 
industry. It has brought into existence the professional manager with 
pressure from the outside for dividends. The real owners of our indus- 
tries are relatively silent in their management and administration. This 
situation raises new problems and makes it imperative that there be a 
profession of management that is truly scientific, with deep-rooted tra- 
ditions of social justice to all. 

2 For the past several years (1935—1946) there has been much discussion in mana- 
gerial and economic circles concerning the optimum size of an enterprise for maximum 
efficiency. This discussion has also entered the field of political economy. In indi- 
vidual states certain punitive tax laws directed at chain stores have been passed. Just 
where this movement will end no one can accurately predict. 
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The effects of World Wars I (1914-1918) and II (1939-1946) on 
management. Under the influence of patriotism during World War I 
both managerial attitudes and labor cooperation underwent a change 
that, in fact, was revolutionary in comparison to performance before this 
period. Habits formed in war carried over into peacetime operations. 
It would be unusual indeed to find an industry making war supplies that 
did not have its peacetime methods changed through being forced out of 
the well-worn ruts of years of routine operation. 

There came into the concepts of both employer and employee an in- 
creasing sense of the importance of the individual worker to industry. 
Whereas before the war the emphasis in managerial matters was placed 
largely on the physical aspects of management, such as plant, equipment, 
and materials, after World War I attention was directed equally to the 
human element. A fundamental change in attitude on the part of the 
directors of industry developed. 

During the third decade of this century rapid strides were made in 
manufacturing processes, procedures, and techniques. Industry ex- 
panded; mass production came into its own. The general standard of 
living rose markedly. The total passenger-car registration rose from 
6,771,074 in 1919 to 23,121,589 in 1929. Although passenger-automobile 
registration is not the sole index of the standard of living, it is at least 
an important factor in measuring this standard. 

Management techniques that were only discussed before World War I 
were tried out during the war effort and became commonplace in the 
next decade. During and following the depression that began in 1932 
the companies that followed scientific principles of management fared 
better than those that followed tradition or custom. 

World War II provided an outstanding opportunity to try out scien- 
tific principles of management on a large scale. Hundreds of new plants 
were built which required (1) organization structure, (2) training of 
executives, supervisors, and workers, (3) plant layout, material handling, 
and special-purpose equipment, (4) production control, (5) material con- 
trol and storage, (6) purchasing, (7) packaging and shipping, (8) mo- 
tion and time study, and (9) personnel management and administration. 
Tremendous strides were made in all these fields. Very few strictly new 
developments were made in the field of management, but established 
principles were given a wide field for tryout and use. More people, both 
workers and management, became conscious of the possibilities of scien- 
tific management than ever before. Unionization of workers increased 
tremendously from 1935 until 1946, and management strove to develop 
procedures and techniques to make its relationship with unions a success. 
At this time unions are no longer weak; in their collective strength they 
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are frequently stronger than the individual employer or employer group. 
In all probability the next big problem to be solved is the protection of 
public interest from the results of unnecessary industrial strife. It is to 
be hoped that real collective bargaining will resolve these conflicts with- 
out governmental domination. During World War II it was clearly 
demonstrated that real collective bargaining is not engaged in when either 
side thinks that it can appeal to the government and thereby get more 
than it can by settling its problems at the bargaining table. 

Scientific management has been able to solve practically every problem 
but labor relations. Nevertheless the scientific approach to this problem 
promises hope. Such an approach to labor relations involves an area in 
which little work as yet has been done. The logics of sentiments control 
human relations more than the logics of efficiency.® Although scientific 
methodology can be.^pplied to this area of management also, the tech- 
nique is not so simple, and a longer time is required to see the results 
than is necessary in material things. 

The financial institution and industrial management. For many years 
the financial institutions engaged in granting credit to manufacturing 
establishments were accustomed to look primarily at the physical aspect 
of the plant. The balance sheet of the factory, as expressed in terms of 
machinery, plant and structures, raw material, and finished product, plus 
accounts owed or receivable, was the basis of extension of credit, subject, 
of course, to such influences as good will or the individual reputation of 
the managing executives. Good management was presupposed, and yet 
poor management could waste the assets of the factory to such an extent 
that the figures on the balance sheet might be changed immeasurably 
before the financial institution could clear itself. 

Today financial institutions appreciate industrial administration and 
management as vital business factors. Although they still require the 
physical balance sheet to meet certain standards of safety before ad- 
vancing money for operations, those banks which give industry the most 
mature consideration go beyond the physical balance sheet in estimating 
the worth of the institution. Many banks have on their staffs specialists 
whose duty it is to survey the administrative policies and management 
of a business as a supplement to balance-sheet information. Certain 
consulting companies make a specialty of evaluating the management 
or executive personnel of industrial plants for bankers. 

Definitions. The terms administration and management j as vital fac- 
tors in business, have been used but not yet defined. Unfortunately the two 

® See F. J. Roethlisberger and William J. Dickson, Management and the Worker, 
Harvard University Press, Cambridge, 1940, Chapter XXIV, for an excellent discus- 
sion of this subject. 
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terms have not as yet received universal acceptance in their specialized-' 
use. Some authors have employed them interchangeably. Management * 
is sometimes used as the broader term to include all the elements in the 
control of business activities, the correlation of the details of operation 
of an enterprise, so that they will work as a harmonious whole toward 
the desired goal. On the other hand, the substitution of administration 
for management in the foregoing sentence will conform to the usage of 
other writers. This is a regrettable situation. 

In one sense, management refers to the executive personnel of an enter- . 
prise and is frequently used with special reference to the major execu- 
tives largely responsible for policy formation and the determination of 
the major objectives. Such phrases as ^Top managements^ and ^4ower 
levels of management,^' when referring to the individuals who discharge 
the respective administrative or executive functions, are quite generally 
used regardless of the special interpretation given the words administra- 
tion and management when used in their functional sense. This practice 
is satisfactory when the context clearly shows that the reference is taf. 
executive personnel. 

Administration is that function of an enterprise which concerns itself f 
with the over-all determination of policies and major objectives. Ad- 
ministration sets forth the general purpose of the enterprise, establishes 
its major policies, formulates the general plan of procedures, inaugurates 
the broad program, and approves the specific major projects that fall 
within the general program. It should not be inferred that two sets of 
personnel are required to discharge the administrative and the managerial 
functions. There is usually a distinct overlapping of individuals in these 
respective spheres. In a large institution the president may devote a 
great part of his time to the broader administrative responsibilities; on 
the other hand, he is most certainly required to participate to at least 
a limited extent in executing these policies. It is highly probable that 
combining these two functions in the same person has contributed to the 
confusion in the use of the terms. The farther down the organization 
one goes, the greater is the shifting from responsibility of policy deter- 
mining to execution (see Fig. 1.1) . 

Management is that function of an enterprise which concerns itself - 
with the direction and control of the various activities so that the parts 
will be synchronized and thus work together {6 attain the objectives 
established by the administrative authorities. Management is essentially 
an executive function; it deals particularly with the active direction of 
the human effort. Administration determines the broad objectives and 
establishes the major program. Management takes the broad plans laid 
down by administration and follows through the details to the ultimate 



12 BACKGROUND OF INDUSTRIAL MANAGEMENT Ch. 1 

solution. Administration is largely determinative, whereas management 
is essentially executive. The major responsibilities of the executives 
below the “top managements^ are managerial. It is true that many of 
the minor executives in a limited sphere determine policies within the 
groundwork established for the organization as a whole. When this hap- 
pens, these executives are performing administrative functions. The 
major function of the minor executive is not to formulate policies but 



Fig. 1.1. Chart illustrating the division of managerial and administrative functions 
between top management and the lowest level of management. 

rather to interpret them and to direct the activities of his particular unit 
in conformity with the objectives of the organization.^ 

Business objectives. The executives of a business organization nearly 
always have very definite objectives in mind when the enterprise is first 
created. The nature of the enterprise may change and the structural 
organization undergo many adjustments, but at least one of the original 
goals will remain, namely, to make invested capital and executive effort 
productive. The popular way to express this idea is to say that business 
is conducted for profit. If the term “profit” is used in its popular sense, 
there is probably no objection to this statement.® Owners of capital have 
a right to expect a reasonable return on their capital when they place 
it in the hands of others for use, as they do in our corporate structures, 
or when they personally supervise it in a single proprietorship. The 
enterprise that does not earn a fair return on its capital faces ultimate 
disaster. (It is not necessary to go into a detailed discussion of what is 
a fair return. The Supreme Court has placed it in the neighborhood of 
six per cent in the case of certain utilities.) When an enterprise earns 

See E. H. Anderson and G. T. Schwenning, The Science of Production Organiza- 
tion, John Wiley and Sons, New York, 1938, pp. 9-28, for a detailed discussion of the 
various usages of administration and management by different authors. 

® The economist thinks of profit as the residual income after having paid rent for 
land, interest on capital used, both owned and borrowed, and wages to labor and the 
executives. Profts, if any, are available to the owners of the enterprise, the common 
stockholders of a corporation, the members of a partnership, or to the individual if he 
is the sole proprietor. In an accounting sense, profits represent the excess of income 
over all exp>enses. Dividends on stock are not considered an expense. 
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less than what investors deem a fair return, it cannot secure needed 
capital for expansion. Other industries in a more favorable situation 
will be able to make improvements and expand, thus putting the first 
one at a still greater disadvantage. In the long run the business that 
does not earn sufficient return on its invested capital to command addi- 
tional funds when needed will be forced to close its doors, thus depriving 
its employees of a source of employment. 

In many instances the science of business has reached the stage where 
its practitioners are professional men. One of the distinguishing char- 
acteristics of professional men is a highly developed code of ethics that 
includes social objectives. A large number of trade associations and 
other groups of business men have adopted codes of business ethics. It 
is fully recognized that these codes are not always adhered to, but neither 
are other professional codes, social codes, or even religious codes. The 
business man who makes a financial success of his enterprise while oper- 
ating within the generally accepted codes of business ethics or even on 
a higher level, if possible, makes a real contribution to the community 
welfare. Long-run prosperity in business brings success not only to 
the owners of the business in the sense of proprietary risk-bearers but also 
to all persons who supply funds and materials, major and minor execu- 
tives, workers, auxiliary enterprises, and the operating community. In 
a very realistic sense a successful business becomes a cooperative enter- 
prise carried on within the limitations of our capitalistic system of pri- 
vate responsibility and initiative. Profit motives not only are entirely 
compatible with social objectives but also have thus far proved the 
strongest incentives to attaining these objectives. 

The field of business administration and management. The general 
field of business administration and management is made up of three 
broad subdivisions: 

1. The establishment of major policies. 

2. The planning for and establishment of an organization to carry out these policies. 

3. The operation of the enterprise through this organization. As business condi- 
tions change, fundamental changes are needed in each of these fields. If a plant does 
not make changes from time to time as needed, it sometimes becomes necessary to 
engage in extensive reorganization, which, because of its spectacular aspects, may 
come to be looked upon wrongly as the main field of the science of management. 
The best-advertised managerial effort has been reorganization, because it is spec- 
tacular. 

Managerial and administrative responsibilities and duties call for the 
utilization of different types of genius, which are not always found in the 
same man. To establish policies and to plan for an effective organization 
require mainly creative ability, although this must be coupled with some 
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power to visualize methods of executing the plans that are devised. To 
operate a plant in accordance with the policies which have been laid 
down requires mainly executive ability. The manager who has this gift, 
together with the ability to create new policies, possesses the character- 
istics needed by top management. 

The objective behind any serious attempt to analyze the factors in 
industrial management is to study those administrative and managerial 
policies that have been most effective, to understand the physical phases 
of production, and to discover the proper balance among the managerial, 
physical, and employee relationships. In order to fulfill this aim, three 
steps are : 5 ^gcessary: (1) to determine the policies and principles of effec- 
tive administration and management; (2) to see how they have been 
applied successfully; and, most important of all, (3) to develop a scien- 
tific state of mind toward business problems. 



CHAPTER 2 


THE MANAGEMENT MOVEMENT 

The background of the management movement. The closing decades 
of the nineteenth century and the first two decades of the twentieth cen- 
tury may aptly be called the period of the captains of industry. These 
men were founders and builders of great industrial empires; practically 
all of them were men of vision and dominant personalities. They were 
pioneers in a new country and in new fields in a growing country. The 
philosophy of laissez faire dominated their activities. This period pro- 
duced John D. Rockefeller, Sr., the moving spirit in the oil industry; 
James J. Hill, the railroad builder; John Patterson, who provided the 
cash registers for the new industrial era; Henry Ford and the Dodge 
brothers, Horace and John, founders of automobile industries bearing 
their names; Harvey Firestone and F. A. Seiberling, two dominant fig- 
ures in the rubber industry; Marshall Field and John Wanamaker, who 
revolutionized certain aspects of retailing; Thomas Edison and the 
Wright brothers, great inventors who laid foundations on which others 
have built huge industries; and many other strong individualists whose 
influence will be felt long after their names are no longer familiar to the 
school children in America. 

These strong men defied custom and created when others thought the 
task was impossible. Their beginnings were humble, such as the bicycle 
shop of the Wrights and the small machine shop of the Dodges, yet most 
of them lived to see their works prosper to an extent little dreamed of, 
even by them, in their early efforts. In a very real sense they made the 
period and the environment made them — a reciprocal relationship, the 
one influencing the other. They grew with their enterprises. They 
possessed an intimate, detailed knowledge of each phase of their under- 
takings. They were leaders by right of natural and acquired abilities 
and, in a few instances, great fortunes. As they grew, these men carried 
enormous personal loads and responsibilities. They developed the faculty 
for ease and speed of decision. This capacity was fostered by complete 
mastery of technical details and the assumption of responsibility early 
in life. With the passing of the founders and the dividing of their re- 
sponsibilities among others, additional attention had to be focused upon 
organization and managerial methods. 

15 
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Fundamental factors in the industrial situation would have caused the 
^management movement in some form to have come about within a period 
of perhaps a quarter of a century. Of that we can be reasonably certain. 
The exact form of the movement and its starting place were determined, 
however, by the life work of one great man. Frederick W. Taylor, seeing 
around him the need for the development of management, began the 
intensive study of corrective measures which finally led to the develop- 
ment of the science of management, of which he is the recognized founder. 

Frederick W. Taylor. Between 1880 and 1890 Frederick W. Taylor 
laid the foundation for modern scientific industrial management, not only 
in the UnitecWStates but throughout the world. No other man has ever 
lived whose individual work so largely influenced the operation of so 
many plants in so many and diversified industries as did that of Frederick 
W. Taylor. His firstr.work was small in itself and finally was largely 
voided by opposing factions. His influence, though not dormant, was 
both consciously and unconsciously disregarded for twenty years, and 
yet, in the development of management methods, it has been greater than 
that of any other single man. 

Taylor was himself strongly influenced when still comparatively young 
by knowledge of the work of Henry R. Towne, then president of the Yale 
and Towne Manufacturing Company, who began the application of new 
management methods as early as 1870 in the plant of that company. 
It was probably the example of Towne that caused Taylor to direct his 
efforts to the organized study of management as a science and a profes- 
sion. Although Towne may have been the pioneer, Taylor was the great 
leader of the movement. At the time of Taylor^s death, Towne himself 
referred to him as “one of the world^s discoverers and creative leaders^' 
and as the “creator of a new science.” 

Another personality that greatly influenced the early work and entire 
philosophy of Mr. Taylor was his chief, Willi am Seller s, one of Americans 
greatest engineers, who possessed a keen understanding of his young as- 
sistant's enthusiasm and a profound respect for research. Taylor did not 
have to struggle for permission to make his early experiments. Sellers 
encouraged him in his efforts and made available to him equipment suit- 
able for the researches. The keen analytical ability of CarLB. 9 Xth, one 
of Taylor's assistants at the Bethlehem Steel Company, aided him greatly 
in the refinement of techniques and in the use of mathematical tables and 
processes. Others also influenced Taylor's growth and work, but he 
remained the guiding genius and motivating force of the scientific man- 
agement movement. Taylor occupies the same position in regard to the 
science of industrial management that Darwj n does to the modern ap- 
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proach to the pure sciences. Taylor introduced Darwin^s techniques to 
industry. 

Early steps of Taylor, In 1882, after transferring from the oflSces to 
the shops of the Midvale Steel Company in Philadelphia, Taylor was 
promoted to machine-shop foreman in the Midvale plant. During his 
previous experience as a workman Taylor had been constantly impressed 
by the failure of many of his fellow-workers to produce more than a 
third of a good day^s work. Wages had been paid on a piece-work basis 
established in terms of past experience, and the men were afraid to let 
the management know how much work they could really do for fear that 
the rates would be cut. When Taylor became foreman, he determined 
to work out some system of management whereby the interests of the 
management and of the men might be made as nearly as possible the same. 

Taylor was convinced that management lacked knowledge of what 
actually should constitute a day^s work. How could a man be held 
accountable for his full duty when the management had no idea of the 
man^s capacity? It was with this thought as a foundation that most of 
his writings, researches, and influence over other men was built. He 
found that management did not really manage and that its attitude 
toward its responsibilities in this direction must be changed entirely be- 
fore the workman could be expected to change his attitude toward his 
work. Taylor felt that the management was asking the worker to do its 
work as well as his own. His efforts to secure information at Midvale 
concerning ways in which management might really manage enabled him 
to develop what he termed the “duties of management,^^ which guided 
him and many others along newer industrial paths. From time to time 
the phraseology of these duties was changed by Taylor, but their sub- 
stance was as follows: ^ 

1. The de velo pment of a science for each element of a man^s work, thereby replac- 
ing the old rule-of-thumb method. 

2. The selection of the best worker for each particular task and then training, teach- 
ing, and developing the workman, in place of the old practice of allowing the worker 
to select his own task and train himself as best he could. 

3. The development of hearty co operat ion between the management and the men 
in carrying oi^he activities in accordance with the principles of the developed science. 

4. The diviSon of the work in almost equal shares between the management and 
the workers, each department taking over the work for which it is better fitted, instead 
of the former condition in which most of the work and the greater part of the respon- 
sibility were thrown on the men. 

Taylor remained at Midvale until 1890. While there he also carried 
on early experiments in the development of high-speed steel. His dis- 

^F. W. Taylor, Principles of Scientific Management, Harper and Brothers, New 
York, 1919, p. 36. 
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covery of this product, in which he was associated with Maunsel White, 
ranks as an achievement equal to the founding of the modern manage- 
ment movement. The work which he did on high-speed steels was, in 
fact, an outgrowth of his attempts to find the right way to do jobs. When 
Taylor left Midvale, it was largely due to factional differences within 
the organization, and this situation naturally led to the undoing of much 
that he had accomplished. Nevertheless, even today many of the prac- 
tices in the machine shops of this plant can be traced back to the time 
when Taylor was first working there with management methods. 

For several years Taylor did not have an opportunity to carry on, 
upon a la^^ scale, the work that he had begun at Midvale. Although 
engaged in a number of undertakings in which he aimed to improve man- 
agerial methods — several being largely concerned with improvements in 
cost accounting — tffere was no one great work carried on in one plant. 

Beginning in 1898, he worked at the Bethlehem Steel Company for 
three years. With the aid of a large and competent force of assistants 
he reorganized the management and methods of two of the larger machine 
shops and the foundry and at the same time completed the development 
of his metal-cutting experiments. It was at Bethlehem that interesting 
studies in pig-iron handling and shoveling were made, which since have 
become classic^ the field of management. One of the most important 
of the wage-payment systems was also developed during this time. 

After Taylor had been at the Bethlehem Steel Company for about 
three years, there was a change in the directorate and executive manage- 
ment of the company. The group which came in was unfamiliar with 
the methods pursued by Taylor and his staff and apparently antagonistic 
to them. Taylor and his associates left. This withdrawal was followed 
by changes in method by the new management, and since this develop- 
ment so closely followed the upheaval at Midvale, it cast a shadow on 
Taylor^s work which took some years to live down. This accounts for 
the slow development of his ideas during the immediately succeeding 
years. Among the more important plants, in which Taylor or his direct 
associates worked in this period were the Tabor Manufacturing Company 
and the Link-Belt Company of Philadelphia and the United States Arse- 
nal at Watertown, Massachusetts. 

The Bethlehem Steel Company illustration of handling pig iron. 

Probably the best method of portraying the careful techniques used by 
Taylor in his work is to use his own words in describing the timing of 
the operation in loading pig iron. 

This was done by timing with a stop watch a first-class man while he was 

working fast. The best way to do this, in fact almost the only way in which 
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the timing can be done with certainty, is to divide the man's work into its 
elements and time each element separately. For example, in the case of a 
man loading pig-iron onto a car, the elements should be: (a) picking up the 
pig from the ground or pile (time in hundredths of a minute); (6) walking 
with it on a level (time per foot walked) ; (c) walking with it up an incline to 
car (time per foot walked); (d) throwing the pig down (time in hundredths 
of a minute), or laying it on a pile (time in hundredths of a minute), (e) walk- 
ing back empty to get a load (time per foot walked). 

In case of important elements which were to enter into a number of rates, 
a large number of observations were taken when practicable on different first- 
class men, and at different times, and they were averaged. 

The most difficult elements to time and decide upon in this, as in most cases, 
are the percentage of the day required for r?st, and the time to allow for acci- 
dental or unavoidable delays. 

In the case of the yard labor at Bethlehem, each class of work was studied 
as above, each element being timed separately, and, in addition, a record was 
kept in many cases of the total amount of work done by the man in a day. The 
record of the gross work of the man (who is being timed) is, in most cases, not 
necessary after the observer is skilled in his work. As the Bethlehem time 
observer was new to this work, the gross time was useful in checking his de- 
tailed observations and so gradually educating him and giving him confidence 
in the new methods. 

The writer had so many other duties that his personal help was confined to 
teaching the proper methods and approving the details of the various changes 
which were in all cases outlined in written reports before being carried out. 

As soon as a careful study had been made of the time elements entering into 
one class of work, a single first-class workman was picked out and started on 
ordinary piece work on this job. His tasks required him to do between three 
and one-halj and jour times as much work in a day as had been done in the 
past on an average. 

Between twelve and thirteen tons of pig-iron per man had been carried from 
a pile on the ground, up an inclined plank, and loaded on to a gondola car by 
the average pig-iron handler while working by the day. The men in doing this 
work had worked in gangs of from five to twenty men. 

The man selected from one of these gangs to make the first start under the 
writers' system was called upon to load on piece work from forty-five to forty- 
eight tons (2,240 lbs. each) every day. 

He regarded this task as an entirely fair one, and earned on an average from 
the start $1.85 per day, which was 60 per cent more than he had been paid 
by the day rate. This man happened to be considerably lighter than the 
average good workman at this class of work. He weighed about 130 pounds. 
He proved, however, to be especially well suited to this job, and was kept at it 
steadily throughout the time that the writer was in Bethlehem, and some years 
later was still at the same work. 

Being the first piece work started in the works, it excited considerable oppo- 
sition both on the part of the workmen and of Several of the leading men in 
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the town, their opposition being based mainly on the old fallacy that if piece 
work proved successful a great many men would be thrown out of work, and 
that thereby not only the workmen but the whole town would suffer. 

One after another of the new men who were started singly on this job were 
either persuaded or intimidated into giving it up. In many cases they were 
given other work by those interested in preventing piece work, at wages higher 
than the ruling rates. In the meantime, however, the first man who started on 
the work earned steadily $1.85 per day, and this object lesson gradually wore 
out the concerted opposition, which ceased rather suddenly after about two 
months. From this time on there was no difficulty in getting plenty of good 
men who were anxious to start on piece work, and the difficulty lay in making 
with sufiiSl^nt rapidity the accurate time study of the elementary operations 
or ^^unit times^^ which forms the foundation of this kind of piece work. 

Throughout the introduction of piece work when after a thorough time study, 
a new section of w«rk was started, one man only was put on each new job, 
and not more than one man was allowed to work at it until he had demon- 
strated that the task set was a fair one by earning an average of $1.85 per day. 
After a few sections of the work had been started in this way, the complaint 
on the part of the better workmen was that they were not allowed to go on . 
to piece work fast enough. 

It required about two years to transfer practically all of the yard labor frofi-I^I 
day to piece work. And the larger part of the transfer was made during the '’ 
last six months of this time. ^ 

As stated above, the greater part of the time was taken up in studying ^^unit 
times,” and this time study was greatly delayed by having successively the 
two leading men who had been trained to the work leave because they wer^ 
offered much larger salaries elsewhere. The study of ^'unit times” for the yard 
labor took practically the time of two trained men for two years. Throughout 
this time the day and piece workers were under entirely separate and distinct 
management. The original foremen continued to manage the day work, and 
day and piece workers were never allowed to work together. Gradually the 
day work gang was diminished and the piece workers were increased as one 
section of work after another was transformed from the former to the latter.- 

Baylor’s later life. Shortly after the beginning of the twentieth 
century Taylor with^ew from actively installing management methods 
and began to philosophize and generalize on his experiences. The far- 
reaching significance of his principles and method became clear to him, 
and he began the task of transmitting them to others through wrmngs 
and addr&ses. His writings of this period have become the very founda- 
tion of modern-management literature. The first and best known is 
Shop Management, This book was first published in 1903 under the 
auspices of the American Society of Mechanical Engineers, having been 

^F.W. Taylor, Shop Management, Harper and Brothers, pp. 48-62. 



Ch. 2 


TAYLOR’S LATER LIFE 


21 


read at a meeting of the society in June of that year. In December, 1906. 
Taylor presented as his p^idential address to the same society his other 
masterpiece, The Art of Siting Metals. From that time until his death 
on March 21, 1915, he devoted himself almost completely to the task of 
spreading the gospel of scientifi6^ management. 

After Taylor gave up the active practice of management installation, 
a number of his direct followers quickly appeared to carry on his active 
work. These men became known as the Taylor School in management 
work, because their close association with the leader of the movement 
caused them to be guided in their work largely by Taylor^s own methods. 
At the same time the influence of Taylor was guiding other men in distant 
parts of the United States and even in other countries along paths which 
led to the same goal. In the hope of finding methods that would avoid 
the problems that occasionally arose in connection with some of Taylor’s 
detail methods, these men developed other procedures which frequently 
seemed to differ from those of Taylor. Although the devices differed, the 
principles, if the work was sound, were Taylor’s. In fact, even when 
opposition to Taylor’s work still existed, manufacturing executives who 
bought themselves opposed to Taylor were, in fact, following frequently 
die very lines of thought that were primarily his. This situation was due 
to the wide diffusion of Taylor’s principles through his disciples and also 
to the fact that his principles were basically sound for the era into which 
manufacturing was entering. 

Taylor’s position in the management field is that of the first thorough 
explorer. His researches, because of his personal ability, carried him 
further than might have been expected. Unfortunately, he was not a 
salesman, as far as his own work was concerned. Those close to him 
were always able to see the careful thought and study behind his con- 
clusions, but others did not have this advantage. 

The public and even a large percentage of factory executives, not ex- 
cluding those in the metal trades, did not have their attention focused on 
scientific management by any of the early work of Taylor or his followers. 

Taylor himself was disappointed at the reception of his first paper, 
A Piece Rate System, read before the Society of Mechanical Engineers 
in 1895. He had used a popular title as a medium of getting fundamental 
managerial principles before his associates. They remembered the vehicle 
but forgot its fundamental concepts. He tried to correct this situation in 
his later paper. Shop Management, read before the same society in 1903. 
A few of his audience grasped his over-all concept of scientific manage- 
ment, but most of them focused their attention on details, entirely over- 
looking his basic plea. Although there had been a constant improvement 
in management methods and many men were already making manage- 
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ment service a life work, in 1910 scientific management had not captured 
the fancy of any large portion of the industrial world. 

wage theory. As has been intimated, the current interest of 
engineering societies during the more formative years of Taylor ^s indus- 
trial life was centered on segments of managerial activities rather than 
in ^^scientific management’^ as an entity. Wage-payment plans held the 
stage for a season. Taylor evolved a system which was a part of his 
broader program of managerial controls. His first premise was that no 
wage plan was equitable either to men or to management unless it was 
based upon accurate knowledge. He contended that in most instances 
this knowledgg^as lacking but that it was determinable, as illustrated 
by the description of timing pig-iron handling. On the assumption that 
accurate standard tasks have been established, the essence of Taylor’s 
differential wage is as fallows: 

1. The maintenance of such conditions that the daily task can be accomplished by 
the worker. 

2. High^'pay for tasks successfully completed. 

3. LoW pay for failure to attain the required task. 

His major emphasis was upon carefully establishing tasks and making 
their attainment possible. This placed a heavy responsibility upon the 
executive group, for workers would not long remain silent when they 
received low pay because of the shortcomings of their bosses. Taylor’s 
program provided a high reward as an incentive for the worker to accom- 
plish the established task. 

^^aylor’s attitude toward unionism. Taylor referred to trade unions on 
many occasions, and, contrary to an erroneous opinion, he was not op- 
posed to organized labor as such. In Taylor’s opinion scientific manage- 
ment removed the need for organized labor, but he stated, ^There is no 
reason on earth why there should not be collective bargaining, under 
scientific management just as under the older type, if the men want it.” ® 
Under many situations prevailing in industry Taylor specifically sanc- 
tioned combinations of workmen as a matter of necessity to protect their 
interests. ^When employers herd their men together in classes, pay all 
of each class the same wages, and offer none of them any inducements 
to work harder or do better than the average,” he said, '^the only remedy 
for the men lies in combination; and frequently the only possible answer 
to encroachments on the part of their employers is a strike.” * He se- 

8 ''Hearings before Special Committee of the House of Representatives to Inves- 
tigate the Taylor and Other Systems of Shop Management/^ Washington, 1912, p. 
1444. 

* Frederick W. Taylor, Shop Management, Harper and Brothers, New York, 1919, 

p. 186. 
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verely criticized certain practices of organized labor, such as restriction 
of output, the use of force or intimidation, and the oppression of non- 
union workmen. On the other hand, he commended wise union leadership 
that promotes cooperation, naming particularly the Brotherhood of Loco- 
motive Engineers as an example.® To summarize, it may be said that 
Taylor believed that scientific management removed the necessity for 
labor organizations but that there was no logical reason why men should 
not affiliate with unions of their own choice under scientific management.® 

The management movement and the Middle West. In the general 
growth of the management movement, the leadership that had been Phila- 
delphia’s was largely lost. Sections of the country which were less con- 
servative in management method adopted the new ideas more readily 
and in larger proportions than did eastern sections. New businesses 
which were developing, such as the automobile and allied industries, had 
a made-to-measure opportunity to develop management method along 
with manufacturing technique. These industries were located mainly in 
the Middle West. This section grasped the opportunity of increasing 
effectiveness of operation that was offered by management method and 
gradually developed, in many scattered localities, procedures of operation 
which, although built on the same firm foundations as those that served 
the early leaders of the management movement, were constructed along 
newer and bolder lines. The best-known illustration of this work is the 
Ford Motor Company, whose demonstration of the economies incident to 
standardized operation, continuous assembly, and newer wage-payment 
concepts has profoundly influenced the whole of American industry. 

The management consultant. Management has become the profession 
of the plant executive, not merely the profession of the few who specialize 
in it. Those who do specialize in management fit into the scheme as 
specialist cooperators with the managing executives of industry. The 
management engineer fills a very real niche in the halls of industry. He is 
a combined product of the age of scientific management and the age of 
specialization in industry. He specializes in management and admin- 
istration and sells his services, either along general or special lines, to the 
executive in charge of the enterprise. He brings to one plant the knowl- 
edge of many. He helps to rehabilitate run-down concerns by bringing 
in the refreshing stimulus of an outside point of view, and he also renders 
a special service to the prosperous, well-managed enterprise. 

^Relatively few small or medium-sized industrial enterprises are organ- 
ized in such a way as to have a broadly trained group of men whose 

® Ibid,, p. 188. 

® See Edward Eyre Hunt, Scientific Management since Taylor, McGraw-Hill Book 
Company, New York, 1924, p. 52. 



24 


THE MANAGEMENT MOVEMENT 


Ch. 2 


sole duty is to collect facts, appraise the over-all situation both within 
and without the enterprise, and give impartial recommendations. Many 
executives, even the group largely responsible for policy determination, 
are tied down with managerial responsibilities. Few of them have the 
time, the temperament, or the capacity for objectivity necessary to ap- 
praise the results of their own handiwork. In enterprises both large and 
small pressing problems arise from time to time that require very special 
treatment. In the larger organization it is possible to set up a special 
department to do the required work; in some of them such a department 
exists. Seldom indeed are men with adequate training found within a 
given organizarfeion when it is desired to establish such a department; 
the personnel is usually recruited mainly from the outside. As a result 
much time is required both to secure the men and to weld them into a 
functioning unit. Wher« time is an important element, it is nearly always 
preferable to secure the services of an established professional consulting 
firm rather than to try to establish such a department within the firm. 
In those firms already having distinct departments established for mak- 
ing surveys and formulating policies, it is seldom indeed that these de- 
partments have the wide contacts and thorough knowledge of prevailing 
practices in similar situations that the outside professional organization 
possesses. Frequently the regular executive lacks the time to make in- 
tensive studies and analyses because of the interruptions of routine affairs. 
Moreover, the professional consultant is practically free from the sus- 
picion of prejudice or favoritism frequently encountered when recom- 
mendations are presented by interested parties. He is in a position to 
state plainly from without certain truths that could not safely be ex- 
pressed by persons within the organization. The qualified consultant has 
acquired techniques of working quietly and effectively within an organ- 
ization without disturbing the routine functioning of the enterprise. 

The management consultant is not the only expert who is used by in- 
dustry. He came in after the certified public accountant, who occupies 
practically the same position in the accounting field as the management 
consultant in the managerial field, yet his advent is not so recent as that 
of the income-tax expert, whose duties frequently partake more of a 
legal than an accounting nature. As a recent development, the various 
phases of industrial consulting have become rather specialized. For 
instance, one type of industrial consultant advises only concerning the 
construction of a new building or the remodeling of an old one, specializ- 
ing in such matters as the type of building construction, fire hazard, or 
the routing of the product through the factory. Even more recently, 
the consultant who deals only with personnel administration has found a 
place, in the industrial scene. The labor-relations counselor is a specialist 
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in one phase of personnel administration, namely union-management re- 
lations. 

The management consultant rendered an invaluable service in the new 
plants built to meet the requirements of the World War II effort. Every 
phase of management — building the plant, making the plant layout, train- 
ing the executives and workers, constructing the organization structure 
needed for operations, and guiding the enterprise through the early days 
of operation — was aided by the management consultant. Managerial 
knowledge was thus multiplied many times through the aid of the pro- 
fessional management consultant. Both the Army and the Navy used 
the management consultant to streamline operating procedures in Wash- 
ington as well as in the field. A national authority applied the principles 
of motion economy to certain phases of operations in the Pacific theater. 
Another specialist studied the submarine and improved the arrangement 
of the control mechanisms. Thus the principles of scientific manage- 
m^t were used in the greatest national effort to date. 

'Special management departments within the plant. Two departments 
within a modern i)lant are extensions of the early efforts at scientific 
management, namely, the methods department and the industrial engi- 
neering def)artment. The industrial engineer studies methods, procedures, 
and processes to increase their efficiency. Frequently the motion- and 
time-study department is under the direction of the industrial engineer. 
The methods department takes the blueprints from the product engineer, 
specifies the routing of the product through production, and designs tools, 
jigs, and fixtures for use in actual operations. At times the industrial 
engineer makes studies of organization structure as well as procedure. 
This is not a common practice, however, since relatively few engineers 
are specialists in organization. In recent years a new department known 
as the organization department has been created, which specializes in 
establishing organization structure, maintaining balance in the organiza- 
tion, developing an organization manual, reviewing the performance of 
the respective departments, and maintaining control through the budget. 
Many of these activities belong in the personnel department and the 
others in the comptroller's division. There may be an advantage in set- 
ting up the organization department as a separate unit when the per- 
sonnel director is not capable enough to handle this function. It is better 
organization, however, to secure a personnel director of vice-presidential 
caliber who can direct the activities of the organization department as a 
section in the personnel division rather than to have another department 
reporting to the president or other top executive. These groups in indus- 
try have an important part in the progress that the scientific-management 
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movement is making, for they have the advantage of daily contact with 
the management problems with which they deal. The consultant is of 
service even to them, for he brings the experience of many organizations 
to help in the solution of the problems that confront them. 

The future of the management movement. The management move- 
ment is behind the scientific method of attack on problems of business, 
but it no longer upholds any particular device or set of devices as the only 
scientific method of attack. Staff departments which once seemed in- 
separably attached to any form of scientific management have been 
eliminated by some companies in times of financial stress, yet the scien- 
tific-managemSRt method has been used by these companies in attacking 
their problems. The true scientific approach to the question is the study 
of the service that such a department may render or has rendered, as com- 
pared to the cost of its operation. This same comparison, of course, must 
be expanded to include alternative departments if any other than the one 
under consideration might do the desired work. 

Organized labor has appropriated many of the techniques and philoso- 
phies of scientific management. The International Ladies Garment 
Workers^ Union maintains an industrial engineering department that 
represents the union in establishing standards. ^‘We urge upon manage- 
ment the elimination of waste in production in order that selling prices 
may be lower and wages higher.^^ This statement was contained in a 
resolution adopted at the convention of the American Federation of Labor 
in 1925. In the words of President William Green of the American 
Federation of Labor labor realizes . . that its future welfare and best 
interests are interdependent with industrial progress and business pros- 
perity, and we are placing a distinct emphasis on proposals that will lead 
to opportunities for co-operation.” 

A statement of policy by the Steel Workers^ Organizing Committee, 
C.I.O., shows the attitude of cooperation on the part of a section of labor 
toward certain aspects of scientific management. 

1. The union agrees to cooperate with the management in order to reduce costs, 
enlarge sales, improve quality, and in general advance the interests of the industry. 

2. The management agrees to share equitably with the union any benefits so ob- 
tained, in the form of increased employment, better working conditions, increased 
wages, or decreased hours. 

3. Nobody is to lose his job as a result of any improvement that is installed. If 
ways are discovered to do more work with less labor, they are to be adopted naturally 
and then only with the consent of the union. They must be installed in such a way 
that no discharges are necessary — ^for instance, at a time when sales and output are 
increasing. 
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4. The research must be truly joint in every respect. All fEWjts and plans are to be 
revealed to the union committee, and its imderstanding and consent must be obtained 
at every step."^ 

Such expressions coming from both the A. F. of L. and the C.I.O. should 
mean much for the scientific-management movement. It will be recalled 
that organized labor was formerly avowedly opposed to studies to pro- 
mote efficiency and reduce waste in production.® 

A number of other factors are combining to insure steady progress for 
the management movement. Among them are the growth of societies * 
whose membership consists largely of plant executives and whose inter- 
ests lie entirely with management problems, the increasing output ot 
literature, both periodicals and books, on scientific-management subjects, 
and the attention being devoted by the next generation of factory man- 
agers, now in educational institutions, to management as a study. 

Just as the growth of scientific education in colleges during the last 
fifty years has aided in revolutionizing American industry, so the expan- 
sion of managerial education is likely to aid the management movement 
in further revolutionizing it. In 1915 there were not five courses in 
management given in American universities. Today practically every 
business and engineering school in the United States offers such courses. 
Although this extremely rapid growth of management instruction has 
been a response to the demand from industry, in many cases it has led 
the demand and has, through its graduates, called the attention of indus- 
try to the strides that have been made in management in other sections 
of the United States. This development is one of the most important 
in management in recent years, particularly when industry and the col- 
leges have cooperated in management education, for in practically every 
case where this has occurred, the combination of practical and theoretical 
instruction has resulted in distinct advances in the science of manage- 
ment. 

Some schools cooperate with business so that the student goes to school 
three months and works for three months. In this manner the student 
is enabled to combine practical experience with a study of basic principles. 

The Steel Workers* Organizing Committee, “Production Problems,** Publication 
No. % 1938. 

® See “Hearings before Special Committee of the House of Representatives to In- 
vestigate the Taylor and Other Systems of Shop Management,** 1912. 

» Such societies as the American Management Association, the Society for the Ad- 
vancement of Management, the Industrial Management Society, and the Manage- 
ment Section of the American Society of Mechanical Engineers provide professional 
support to scientific management and publish the findings of their members. 



PABllll ) 

FUNDAMENTAL CONSIDERATIONS IN 
INDUSTRY 

CHAPTER 3 

BASIC MANAGEMENT DECISIONS 

Size. How large should a chief executive or his board of directors 
allow a business to become? Manifestly there can be no one rule. Even 
the smallest unit now existent in the automobile industry would be a 
tremendously large unit in almost any branch of the textile industry. 
A company manufacturing automobile parts should be prepared to pro- 
duce the requirements of at least one of the automobile manufacturers 
if it is to survive today, and yet it must have at least enough additional 
business to prevent it from being put out of existence by losing its one 
large contract. Likewise, it should diversify its line sufficiently to prevent 
its being placed in a dangerous situation by a quick switch of its market 
away from the type of part it manufactures. 

Once a company becomes successful, there is always the urge to expand 
the manufacturing facilities in good times to meet possible sales. Fine 
judgment is required to know how far facilities can be safely increased 
and when the decision should be made to sell only as much as the present 
plant can produce or as can be safely contracted out for manufacture. 
A closely knit organization which has been successful in building a busi- 
ness because of the close contacts and understanding among its respective 
members may become overstrained and weakened by the task of operat- 
ing a much larger business in which the personal touch is not as important 
as carefully laid and integrated organization plans. There is a particu- 
larly big jump between a business sufficiently small for one man to oversee 
all the details and one so large that a single individual is unable to keep 
in touch with all its details. 

An interesting announcement of policy concerning the size of a business 
was made by the Royal Metal Manufacturing Company of Chicago. 
President Irving Solomon of this company has said, ^^Sales of Royal 
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Furniture are purposely limited to $1,500,000 annually. Reasons: This 
permits the president personally to watch quality; to know each worker 
by name; salesmen are not harassed by constantly rising quotas, not high- 
pressuring unwilling buyers. If dealers cannot supply, buy from RoyaPs 
worthy competitors.’^ ^ In another national advertisement the Royal 
Metal Manufacturing CompaiV actually named six of its competitors, 
from whom it recommended that customers buy if the stated policy of 
the company did not make it possible to satisfy all of them. This policy 
is unique in American business, at least as far as public announcement 
is concerned, but the problem is one that requires a definite decision on 
the part of many executives. 

The best rule that can be suggested is that a size be maintained that 
will always leave the company li^liid from the standpoint of working 
capital, that will enable it to keep up with product developments in its 
field, and that will keep it large enough to influence the trend of products 
and style in its field. If the organization is not large enough to meet 
these requirements, it will be in the dangerous position of having to follow 
the lead of its important competitors and may run the danger of seeing 
an investment in machinery and equipment wiped out almost overnight 
by sudden trends away from its product. 

Organization structure and trained personnel to assume executive posi- 
tions are the controlling factors in the size to which an enterprise may 
grow. This statement, of course, is based upon the assumptions that the 
product is desired by the public in sufficient quantities to sustain the 
expansion and that the productive efficiency is such as to enable the com- 
pany to meet competition. The growth of a business does not imply that 
the home plant may continue to expand indefinitely because freight costs 
of the finished product may dictate the construction of additional plants 
nearer the markets rather than the extension of the market of a single 
plant. General Motors Corporation operated 115 plants during the war. 
By following its philosophy of decentralized responsibility for operations 
with, advice and coordination from the home oflSce, this organization 
could have operated 150 plants if it had had suflScient trained executive 
personnel or had had time in which to train these executives. Multiple- 
plant operations require a different organization structure for maximum 
efficiency. 

The decision to buy or make. How completely should the business 
be integrated? This question constantly arises in an expanding enter- 
prise. It may be answered today by a decision to manufacture by adding 

1 Advertisement in Time, November 10, 1936. (As we go to press, the company is 
still following the same basic policy.) 
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a second shift and may arise again two years hence when the productive 
capacity of the second shift will no longer meet requirements. As con- 
ditions within or without the enterprise change, the decision should be 
reappraised in the light of the new situation. Although the profit aspects 
of a completely integrated business are recognized, there are many dis- 
advantages incident to making materials or parts which can be bought 
as cheaply, or almost as cheaply, as they can be manufactured. Some 
of the factors involved are: 

Why Parts Can Be Bought More Cheaply 

1. OccasionalJji&advantage can be taken of depression conditions to buy at less than 
the full cost of manufacture, including interest on investment and depreciation. This 
is particularly true of articles in which the field is highly competitive. 

2. The processes incident to the manufacture of the part are often foreign to the 
remainder of the business. 

3. There may be greater chance of obsolescence of the machinery needed to manu- 
facture a particular part than in the remainder of the process. In such cases it is 
advantageous to allow another manufacturer to own such machinery. 

4. The requirements of the business for the part or material may be only a small 
fraction of the total requirements for the material from other dissimilar businesses. 
Under such conditions buying will afford the independent manufacturer the advan- 
tage of others’ large-scale purchases for his requirements. 

5. At any given time the extent of capital available to a given business may make 
it more profitable for the business to utilize its capital in sales and other business 
promotional or research activities, rather than to tie it up in machinery and materials 
for the manufacture of portions of the product which can be purchased. 

Why Parts Should Be Made 

1. During times of prosperity, particularly when a certain product has taken the 
fancy of the buying public, it is sometimes difficult to secure prompt deliveries on 
rapidly rising requirements from usual sources of supply, and at such times new 
sources are difficult to develop with sufficient rapidity. 

2. Processes into which hidden quality is put and which have much to do with the 
acceptance of a particular article can be more satisfactorily made by the company 
responsible for the quality guarantee. 

3. On style merchandise, parts or materials which ^ve clues to the appearance of 
articles to be made for a particular season sometimes may advantageously be kept 
from competitors as long as possible. 

4. Particularly for large companies, the policy of manufacturing a portion of the 
most important parts provides a continuing yardstick concerning the proper cost of 
such parts and also a means of preventing suppliers from arbitrarily increasing price 
in times of greatest need .2 Similar effects have been secured repeatedly by threaten- 
ing to undertake the manufacture of some purchased part ; often long-time contracts 
at favorable prices have been secured by this means. 

2 This also has the effect of letting the manufacturer’s department operate at full 
capacity at practically all times, leaving the irregular overflow to the company from 
which parts are purchased. 
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Quality of product and price field. A fundamental decision which 
must be made by most uianufacturers early in their existence and then 
reconsidered frequently is the price field in which they desire their product 
to compete. Not only will the decision which they make in this regard 
influence the basic quality of their product or products, but it will doubt- 
less profoundly influence their manufacturing methods, machines, and 
personnel and also their basic methods of distribution. Lower-grade, 
volume products generally must be distributed on a wider, more inclusive 
scale than medium- or high-grade products. Profits per unit will be 
much smaller, but in so-called volume products the potential sales outlets 
are so much larger that their attractiveness lies in the greater potential 
profits which exist in most fields with this class of merchandise. The 
greater potential profits, however, entail at least three added problems: 
(1) more intense competition; (2) price pressure from distributors and 
dealers, often to the exclusion of regard for the intrinsic merit of the 
article; and (3) the costs of added plant and equipment if the article is 
favorably received. This requirement becomes increasingly difficult if 
the demand for the article is transitory. 

It is difficult for management to resist the siren call of the distributor 
or dealer who wants low-priced merchandise. Frequently this merchan- 
dise is asked for ^^as a leader, with the assurance that there is no inten- 
tion to push it, but only to use it as a means of attracting customers, 
after which they will be gently led toward the merchandise of higher 
grade with higher percentages of profit. With assurance of this kind 
from distributors and dealers many manufacturers have been led to pro- 
duce merchandise selling for a considerable percentage under anything 
which they have previously offered. The manufacturer then discovered 
that once the snowball was started it could not be stopped, that the mar- 
ket had come to be educated to the new low prices as the proper amount 
to pay for the article, that a large proportion, if not a majority, of the 
sales were made in the new low-price brackets, with accompanying low 
profit margins, and that a whole new advertising and sales-promotion 
campaign would be necessary to bring public acceptance back to the 
higher-priced merchandise. 

Sales outlets to use. Determination of the price field which a particu- 
lar manufacturer will attack, or if he is going to aim at several price 
fields, the relative extent of each, is a problem which has to be considered 
continuously, and the decision becomes one of the basic factors in man- 
agement. The type of sales outlets to be used may govern the decision, 
and conversely the decision may be governed by the type of outlet. For 
example, a manufacturer of gas stoves has a choice of several methods 
of distribution or of combinations of them, as follows: 
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1. Through public utility companies. 

2. Through a distributor organization, with distributors utilizing specialty stores 
and hardware stores as outlets. 

3. Through department stores, which ordinarily will not’ buy through distributors 
but wish to buy direct from the factory. 

4. Through large stove stores in some cities, which ordinarily buy as do the depart- 
ment stores, but which may also act as distributors in their section. 

Some of these outlets cannot be satisfactorily used competitively within 
the same district because of their divergent merchandising policies. In 
some cases it does not prove practical to sell through several types of 
merchandising^ agencies, even in widely separate districts, especially 
through public utilities and department stores. The reason is that the 
type of merchandise that they demand and the type of sales-promotion 
methods which they u§e are usually different. The department store has 
a series of sales scattered throughout the year to attract customers to the 
store, with unusual offerings in the way of prices as the particular induce- 
ment. For these sales the store must secure from the manufacturer 
“specials, which will be only slightly different in design and grade from 
regular merchandise, but which must offer values that will immediately 
prove to be outstanding to the customer, both in attracting him to the 
store and in effecting sales after he has been brought in. Only a few 
department stores can successfully, over a period of years, promote the 
sale of the more expensive, most completely equipped gas stoves. These 
articles have been distributed most successfully through the public-utility 
companies, the stove stores, or distributors. 

The decision to distribute directly or through distributors is determined 
for any product by a number of factors other than quality. Some prod- 
ucts can be most successfully distributed through distributors. Other 
products may be sold to retailers, whereas still others may be sold directly 
to the consumer. The custom in the trade will exert an influence; a 
strong organization, however, may establish its own custom. There is 
some difference to be considered between marketing a producer's heavy 
good and a widely used consumer's product. The former type may 
require a highly specialized technical knowledge not readily available 
among the usual distributors. Almost any product that can be named, 
however, has more than one channel of distribution, largely depending 
upon the managerial decisions of the particular enterprise. Such items 
as availability of funds, availability of desirable outlets, and credit 
policies, may be immediately controlling. 

The decision to diversify. From time to time management is faced 
with the decision of whether to continue to make a single line of products 
or to manufacture other products, even in different fields. This is a dif- 
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ferent and more fundamental problem than the extent of diversity in 
products of a given type, which is considered under Simplification in 
Chapter 9. It is a decision concerning the number of fields of industry 
in which the company should engage. In recent years companies with 
large financial resources have shown tendencies to invest them in manu- 
facturing products in related fields, particularly in articles which can be 
distributed through the same outlets. Other companies, however, have 
believed that their own future could best be assured by spreading their 
activities over widely divergent fields which would tend to assure them 
profits if their original field was slack and would give them the oppor- 
tunity to utilize the managerial brains and experience which they had 
developed to produce additional profits for their stockholders. The devel- 
opment of General Motors from a corporation having only automobile 
manufacture as its interest, through a corporation having parts a,nd allied 
products added to its first interest, to a corporation having large, diversi- 
fied interests is a pertinent illustration. This corporation, in addition 
to its automotive divisions, covering the field from the lowest- to the 
highest-priced car, and its ignition, lamp, starter, foundry, gear, axle, and 
other plants, has secured a commanding position in the manufacture of 
electric refrigerators, electric motors (for both domestic and industrial 
use) , diesel engines, air-conditioning units, and railroad equipment. More 
recently the Nash and Kelvinator corporations have combined their man- 
ufacturing and marketing interests. It is by no means a settled question 
that this type of expansion to secure diversity is entirely advantageous. 
In many instances, after a certain size has been reached, economies de- 
rived from further expansion are open to serious question. Strong indi- 
vidual producers are still succeeding in practically all the fields that have 
been entered by these larger corporations. 

After World War II many companies, finding themselves with excessive 
productive capacity, took on new products in addition to the ones that 
they manufactured before the war. Their success was encouraging dur- 
ing the first year, but time alone will tell whether the decision was wise 
in the long run. It is one thing to succeed in producing an item for which 
there is a tremendous latent demand arising from war economy and 
quite another thing to meet keen competition during normal times. 

How far should the relatively small company with capital only suf- 
ficient for its immediate needs venture in the diversity of product? This 
is a decision which cannot be made merely by copying the example of 
the large aggregations of capital, even though it becomes industrially 
more dangerous year by year to have all one^s eggs in one basket. Should 
a company with a moderately successful experience over a period of 
years in the manufacture of polyphase electric motors for industrial use 
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invest a portion of its accumulated surplus to endeavor to wrest a portion 
of the attractive household electric-refrigerating motor business from 
its more powerful competitors? The company may have the technical 
and managerial skill to produce this new line of motors, even though 
they are single-phase and all its experience has been with polyphase 
motors. Questions that its directing heads will have to ask themselves 
include: 

1. Do we have something to offer in an improved product which will cause the large 
accounts to buy from us instead of from the better-known and larger producers? 

2. If our product is just as good or a little better, will we not have to sell it cheaper 
than our larger competitors in order to secure a portion of the business? And, if we 
do that, will not our competitors, with their greater financial resources, drive down 
the price still further, so that it will be unprofitable business for us? 

3. Are we certain that our engineering ability will give us products which will stand 
up in quantity manufacture so that hidden defects in our first year’s production will 
not cause large quantities of these high-production motors to be returned to us under 
our guarantee? If this happens, have we the financial resources to withstand one such 
setback? 

4. Would not the amount of managerial and sales effort necessary to secure a por- 
tion of this new business be better expended in improving and enlarging our field of 
sales in the type of product which we have always made and which we fully under- 
stand? 

5. If we secure the business of several of the smaller refrigerator manufacturers 
but are unable to secure any of the business of the larger ones, will the profits avail- 
able from such business offset the costs of installing the tools and doing the experi- 
mental work necessary to enter this field? 

The questions set forth in the example just given are not intended to 
be inclusive, merely suggestive. How much more thoroughly must the 
executives of a company question themselves when they are thinking of 
diversifying into entirely unrelated fields, even though much of the manu- 
facturing work on the new product can be done on the same machines 
that are already in use! There is no substitute for ample funds with 
which to rectify mistakes and bridge over lean years when diversifying. 
These management problems help one to understand why large corpora- 
tions are the most successful in consolidating units making diverse prod- 
ucts and emphasize the fact that properly developed consolidations 
between two or more small companies are frequently more successful 
than attempts to expand the number of lines of products. It is fairly 
well established, however, that a diversity of products, either through 
consolidation or otherwise^ brings problems of managerial control that 
require careful decisions regarding organization and policy. 

Financial decisions. Financial decisions may be grouped under three 
main headings: (1) raising funds for the initial founding of the enterprise, 
(2) financing the 'Speaks and valleys” of a going enterprise, and (3) 
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changing the financial structure of the going enterprise and securing funds 
for expansion. The initial funds may be secured by the sale of common 
stock, preferred stock, bonds, some short-term borrowing, and other 
methods known to students of corporate finance. The fact that adequate 
funds are raised in the beginning does not settle this important item for 
all time. If the enterprise should prosper, it is quite possible that new 
plants, buildings, and equipment, as well as working capital, will be 
needed to care for the increased business. Even though adequate funds 
are available from operating profits, a decision is required as to whether 
these funds are to be reinvested or are to be distributed to the stock- 
holders, the needed funds being raised by selling additional stock or other 
securities. There is also the question of the extension of credit to cus- 
tomers, which is basically one of finance. Again, profits may be high 
during a period of prosperity, and management may be forced to decide 
whether to distribute these profits as earned or to establish a policy of 
paying a moderate dividend during prosperous operations and thus build 
up a surplus with which to pay a dividend during lean periods. Many 
other types of decisions that management will be forced to make are of a 
financial nature, such as whether to carry its own workmen's compensa- 
tion insurance, whether to share profits with employees, whether to bear 
a part of all the group employee insurance, whether to establish an annual 
wage, and what provision to make for management profit-sharing and 
credit policies. Many of these problems involve factors other than 
finance, but all are also financial in nature. A decision once made may 
not be final. 

Managerial standards. In no place are managerial decisions tested 
more rigidly than in the establishing of standards. Managerial standards 
are basically the crystallization of managerial policies into formal meas- 
ures and procedures. Managerial standards cover the entire range of 
business activity, finance, accounting, quality of product, organizational 
structure and procedures, requirements of divisional and departmental 
performance, executive remuneration in relation to profits, worker profit- 
sharing where it exists, purchasing, and selling. An effective standard 
can be established only after careful investigation, analysis, considera- 
tion of the objective to be attained, a harmonizing of con^^feting interests, 
and agreement upon the basis of measurement. Temporary standards 
may at times have to be established in the absence of all the necessary 
facts or in a situation where time does not permit the harmonizing of inter- 
ests or agreement upon the common measure. Such temporary standards, 
when established by persons having a broad background and keen insight, 
may develop into permanent standards when supported by experience. 
Standards act as stabilizers of activities and relationships. They relieve 
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management of the responsibility of caring for many details and enable 
them to concentrate on problems that have not as yet been solved. The 
details of standards are discussed under the various specialized chapters, 
such as those on equipment, product design, and time and motion study. 
It is important, however, in the consideration of management decisions 
to observe that management standards are the foundation upon which all 
other detailed standards are based. In the absence of seasoned manage- 
rial standards, departmental or functional standards are largely ineffec- 
tive. 

Plant location. The decision regarding plant location, when coupled 
with the decision to buy or build the plant buildings, is of far-reaching 
consequence. Such a decision involves large commitments of a relatively 
permanent nature and definitely reduces the ease with which the enter- 
prise can adjust to ch^Shging conditions. Plant location both is influenced 
by and influences the nature of the product manufactured. Plant location 
also affects the nature of the organization. The economic and organiza- 
tional features of plant location are of such importance that they will 
be explored in greater detail in Chapter 4. 



CHAPTER 4 


PLANT LOCATION 

General considerations. The problem of locating a business enterprise 
arises under at least five conditions: (1) when a new business is being 
organized; (2) when a lease expires and the owner of the premises will 
not extend the lease; (3) when the business has outgrown its original 
facilities and additions have to be constructed or a new location found; 
(4) when the volume of the business and extent of the market make it 
desirable to establish branches for either production or distribution pur- 
poses; and (5) when other social or economic reasons exist, such as an 
inadequate labor supply, a shifting of the market, or a need to meet 
competing service given in a special market. 

Plant location is often the result of a compromise among conflicting • 
social, economic, governmental, and geographic considerations. The per- 
sonal desires of the owners or managers (Fig. 4.1), often influenced by 
social considerations, may suggest one location whereas economic con- 
siderations will indicate another. Governmental factors are not so impor- 
tant in many instances, but they assume greater significance if the com- 
pany desires to engage in foreign trade or if the country is at war. 

Geographic specialization. Illustrations of regional specialization in 
industry are the manufacture of pottery in Trenton, New Jersey, and 
East Liverpool, Ohio; of brass in the Naugatuck Valley of Connecticut; 
of agricultural implements in Chicago; of firearms and fine tools in Con- 
necticut; of steel in Pennsylvania, Ohio, and the Great Lakes region 
(Fig. 4.2); of carpets in Pennsylvania; and the scientific optical glass 
industry in Rochester, New York; and the rubber industry in Akron, 
Ohio. 

Climatic conditions, natural resources, the general nature of the terrain, 
and the cultural heritage of the people are influences that explain in part- 
regional specialization. Certain types of manufacture, such as the textile 
industry, require an atmosphere having a high relative humidity. Reqent 
developments in artificial air conditioning, however, have eliminated this 
regional advantage to a large extent. * ' 

Large consumers of coal for fuel or as a material from which products 
are derived are naturally located as near the source of supply as other 
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economic factors permit. Throughout the ages natural mediums of trans- 
portation, such as rivers, lakes, and the ocean, have been influential in 
determining the location of cities through which commercial traffic passes. 
Wherever an abundant labor supply exists, there are conditions favorable 
to industrial specialization, especially if a cultural heritage of the people 



Courtesy, Clark Equipment Company, Buchanan, Mich, 
Fig. 4.1. Plant location in a small town. 

that is in harmony with the specialization exists concurrently. If to the 
abundant labor supply and favorable cultural heritage the fortuitous 
circumstances of ah early start are added, industrial specialization logi- 
cally follows. On this basis regional specialization in American manu- 
facture is largely explained. It is not quite so easy to explain just why 
a particular industry should have had an early start in one place or a 
few places except on the basis of leadership, and leadership is not always 
easy to break down into its elements. The willingness of the people in a 
given community to invest their funds in an untried enterprise is fre- 
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quently as important as inventive genius. The Chamber of Commerce 
of Detroit encouraged the building of automobile plants in that city. 

Major factors in locating a business. Plant location in a particular , 
region is largely influenced by: (D'^eamess to the desired market; (2) 
the local and^regional tax situation; (3)^eamess to the source of raw 
roaterial; (4) an adequate supply of labor; (5) transportation facilities; 
(fl^climatic conditions; (7) governmental factors; and (8) the availabil- 
ity of water, power, and fuel. 



Courtesy, *^Ford News Bureau Photo^* 
Fig. 4.2. The Ford Motor Company plant, Dearborn, Mich., is located, on the navi- 
gable River Rouge, in a suburb of Detroit. 


The exact location. Within a given area or region the exact location 
is governed by: (1) the availability of land to meet current requirements 
and the needs of future expansion, as well as the relative cost of this land 
hi comparison with other cost factors; (2) nearness of other industries 
upon which the given plant may be dependent; (3) transportation facili- 
ties for raw materials, finished products, and employees; (4) availability 
and characteristics of the labor supply; (5) importance of the local mar- 
ket; and (6) community restrictions and, in some instances, community 
aids. 

A plant manufacturing a product to be marketed in the upper Missis- 
sippi Valley and the Great Lakes region might well consider the Chicago 
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area, although several locations within a radius of seventy-five miles 
would meet the regional requirements. Nearness to the market, definitely 
tied in with the transportation problem, is also influenced by the question 
of the time element in giving prompt service, technical advice, and in the 
ability to adjust to the trends in the given area. The labor supply, par- 
ticularly for a small enterprise, is usually more satisfactory in or near a 
city. Nearness to the source oj raw material is of special importance 
when this material is bulky in relation to its value and when the volume 
and weight are greatly reduced during the processing. If the volume of 
the raw material is small in comparison to that of the finished product, 
the plant wiM usually locate near the market instead of near the supply of 
raw material. Raw materials that are rendered less perishable by the 
manufacturing operation are nearly always processed near their source. 

Transportation facilities and costs may dictate one location of a plant 
when the other factors are strongly in favor of another location. Water 
transportation nearly always costs less to the consumer than rail or 
truck transportation. For this reason the Ford Motor Company has located 
many of its assembly plants on navigable waters. This practice, whenever 
possible, is common for industries having large volumes of freight. A 
region that has adequate rail, water, and truck transportation is defi- 
nitely to be preferred for the manufacture of a product for a large mar- 
ket. The size of a given market that can be economically served by an 
individual plant is greatly influenced by transportation rates. As far as 
transportation is concerned, plants tend to be located in the locality where 
the aggregate transportation costs are the least,^ 

Governmental factors are important from a regulatory and licensing 
standpoint. Taxes must also be considered. Many industries manufac- 
turing for export have established branch plants in Canada and Australia 
to gain the advantage of a favorable tariff in the United Kingdom. 

After the decision is made to locate a plant in a given region, the 
selection of an exact site is influenced by the factors which have been 
listed. The availability of land to meet current requirements and future 
expansion needs is always important. The manufacturing process may 
be more easily handled in a single-story building, which will require a 
larger area. If land values are too high, less land space will be used, 
and a multi-storied structure will have to be built. Provision for expan- 
sion is important and often results in great economies in later develop- 
ment. 

An industry that uses a by-product of another plant as its raw material 
or is a service plant to other plants naturally should be located, in so far 

1 D, Philip Locklin, Economics of Transportaiion, Business Publications, Inc., Chi- 
cago, 1935, p. 114. 
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as is possible, in the vicinity of the other plant or plants. In this way 
freight charges are reduced, and the service rendered is improved. 

Local transportation for raw materials may be handled by truck if the 
volume is relatively small, yet even in such cases rail and water trans- 
portation is often advantageous. The presence of transportation facilities 
for employees or location of the plant near their homes may be reflected 
in the labor expense as well as in the character of the labor available. 
Many employees use their own automobiles, but this method of transpor- 
tation requires parking space, which is often prohibitively expensive in 
high-priced land areas. Low transportation costs and nearness to the 
homes of the workers are particularly important for industries using large 
numbers of common laborers or semiskilled workers. 

Community restrictions, such as requirements for the disposition of 
wastes, smoke regulations, and zoning laws, are often controlling factors. 
For other reasons an area reserved for residential purposes may be a 
desirable location for a plant. Nearly always, however, an industry in 
its capacity as a good citizen is unwise to try to break down community 
regulations, even though it proceeds through regular channels. Recently 
a large manufacturer of automobiles decided to locate a branch plant in 
another city because some of the residents of the one that had been 
selected protested the nearness of the site to a residential section. 

The local market is of minor importance to the large-scale manufac- 
turer having a wide distribution of his product. It is important, however, 
to the small manufacturer and the manufacturers of bakery goods and 
other perishable food products. 

The big-city location. Most of the advantages of the specialized re- 
gion are to be found in greater abundance than elsewhere in the large city 
(Fig. 4.3), where there are also unusual educational and amusement ad- 
vantages. Not only does the city offer educational advantages for the 
children of the employees, which may make parents desirous of being in 
the large city, but also, and more important, there are opportunities for 
trade and industrial education. Evening schools for the workers, which 
make them more valuable to their concern and to themselves; discussion 
groups for the executives, such as advertising clubs, production, and en- 
gineering organizations; foremen's training classes; and many other types 
of modern industrial educational facilities are to be found in the big 
city. The se advantages can also be enjoyed by a firm bcated in the 
suburbs, provide d transportat ion f aci lities are adequate. 

In the large city there is always available a more diversified working 
force than in smaller communities. It is nearly always possible to secure 
male or female labor as is desired. Specialized communities that em- 



42 


PLANT LOCATION 


Ch. 4 


ploy only male labor always tend to build up complementary industries 
employing women, regardless of the size of the community. 

In the eyes of many industrial executives, however, the advantages of 
big-city location are offset by disadvantages. For instance, the small 
plant is likely to be at a disadvantage in a big city because it may be 
forced to find a location in a loft building. This type of factory building 
is particularly common in New York, but it can be found also in almost 



Courtefiy, Bridgeport Brass Company 
Fig. 4.3. A large plant in a large city on a navigable river. 


every other large manufacturing city. The loft building is the refuge of 
the man who seeks to take advantage of a labor supply near at hand, as 
in the clothing trade in downtown New York or the textile industries of 
northeast Philadelphia. The loft building makes diflScult the develop- 
ment of modern management not only in the company that uses it but 
also in the entire industry near by. It is difficult to maintain working 
standards against the type of manufacturing competition that rents a 
floor, rents machines, forgets the existence of overhead, and proceeds to 
make hay during the sunny times of industry. On the other hand, some 
enterprises in loft buildings meet all the requirements of modern manage- 
ment. 

Some years ago there was a tendency to locate big-city plants in the 
center of a thickly settled manufacturing district. With the development 
of high-speed transportation within great cities this condition has 
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changed, and within the boundaries of these cities new plants are locat- 
ing under conditions which approximate the suburban location. In fact, 
arbitrary boundary lines are frequently the only difference between city 
plants and suburban plants. In medium-sized cities attractive settings 
have always been possible, as at the plants of the Eastman Kodak Com- 
pany in Rochester, New York, and the National Cash Register Company 
of Dayton, Ohio. 

In summary, the advantages and disadvantages of the big-city location 
for a plant may be said to be: 


Advantages 

1. Adequate supply of labor. 

2. Presence of subsidiary, service, and related industries. 

3. Frequently easier financing of the enterprise. 

4. Large local market for product, of particular importance to the small plant. 

5. Usually extensive social and educational advantages for employees and execu- 
tives of the firms. 

6. Greater availability of trunk-line rail and water transportation. 

Disadvantages 

1. High taxes. 

2. High labor costs, since living costs and wages are usually higher in large cities 
than in smaller ones in the same region. 

3. Labor relations at times less friendly in larger cities than in small communities. 

4. Scarcity of available sites that provide room for expansion, and expensiveness 
of the land. 

The small-town plant location. Although small towns do not have a 
diversified labor supply, and although trained labor for a new industry 
usually is absent, this disadvantage is partially counterbalanced by the 
fact that the town^s industries are not likely to absorb the total available 
labor supply of the community. This has become particularly true since 
women have entered so extensively into industry. In general the labor 
relations between employers and employees are favorable in the small 
community, at least in the early stages of the plant^s development, and 
usually continue on a friendly basis when the management follows an 
enlightened labor policy. Although the labor supply is untrained, it is 
more easily trained in the technique of a given industry than is labor in 
a large city, because the absence of alternative opportunity makes the 
workers desirous of learning. 

Many of the advantages of the big city are not found in the small 
town. A diversified labor supply, amusements, and other features are 
usually lacking in greater or less degree. It is an important fact that 
h^-gradej^ecu^ti^ ta Jpcste^njear the Jarger^itms. > 
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The small town, however, offers certain very definite inducements that 
the large city cannot give. A supply of land suitable for constructing a 
plant to meet current requirements with ample room for expansion is 
available. Undesirable manufacturing neighbors are not likely to be 
present. Municipal regulations are seldom burdensome. Low taxes, 
sometimes coupled with definite rebate of taxes, are another favorable 
factor. Many small towns donate land or even erect buildings and give 
bonuses to large industries to locate within their borders. There is a 
real danger in placing too much emphasis on such factors if more basic 
conditions are not advantageous. 

The suBurban location. The suburbs of a city provide practically all 
the advantages of both the large city and the small town with relatively 
few of their disadvantages. This fact accounts for the very rapid devel- 
opment of the “mgtropolitan districts’’ near large industrial centers dur- 
ing recent years. In the suburbs there is adequate land for the one-story 
structure. The ground is relatively cheap, and the taxes are compara- 
tively low. The advantages of the big city near by can usually be en- 
joyed by the staff sufficiently often to keep the workers contented, par- 
ticularly if the housing conditions in the suburb are as good as or better 
than in the city. Railroad facilities in the suburbs are usually as good 
as they are in the city. In fact, they are likely to be better, in that spur 
tracks are easier to secure and can be arranged to suit the needs of the 
plant. All the advantages of having several competing railroad lines, 
which are usually found in a large city, may be enjoyed. 

The specialized community. Management problems are simplified in a 
variety of ways by a plant location near other similar industries. Not 
only is there a trained labor supply available in such localities, but also 
the ease of financing the business and selling the product is enormously 
increased. Examples are flour milling in Minneapolis, cotton spinning in 
the manufacturing districts of the South, automobile manufacturing in 
Detroit, and rubber manufacturing in Akron. 

The banks in such communities are familiar with the needs of the 
business, have a knowledge of good business practice in the industry, 
and usually are willing to aid in any legitimate way to the limit of their 
ability. Other industries, on initially locating in one-industry communi- 
ties, frequently find it extremely difficult to secure the cooperation of 
bankers in handling their accounts. Sometimes they are forced to go 
out of town for accommodation in times of extreme need. 

Buyers gravitate to localities in which an industry is centered. Some- 
times, indeed, a dominating market can be established in the town in 
which the goods are manufactured. Thus buyers gravitate to New 
York for the purchase of women’s clothing. 
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Another benefit of location in a specialized community is the proximity 
of machinery manufacturers who make the type of equipment used in 
the industry. Required machinery can be procured on short notice, and, 
more important, repairs to machinery can be secured quickly. If the 
machinery manufacturer himself is not represented in the specialized 
center, it is probable that repair shops will soon spring up. This advan- 
tage appeals particularly to companies which are not large enough to 
maintain their own repair departments. 

Some manufacturers have encountered certain disadvantages in the 
highly specialized areas. Specialization within an area facilitates the 
unionization of labor within the industry. Manufacturers who do not 
desire to employ union labor have found this a sufficient cause for moving 
outside the area. Other manufacturers who are not opposed to dealing 
with unions have moved their plants because of an unfavorable labor 
situation in some specialized communities. In times of depression spe- 
cialization within a community leads to much “shopping around^^ by 
purchasing agents, and therefore the fact that they come to the market 
to buy is not an unmixed blessing to the manufacturer. 

Location advantages of the large city, the small town, and the suburb. 
A plant may locate in a specialized section and still have a choice of a 
large city, a small town, or a suburb of a large city. Such a choice is to 
be found particularly in such sections as the shoe region of New England 
or the automobile regions of Ohio and Michigan. 

If the specialized area is a great city, many of the advantages of loca- 
tion within the city can be gained by a location near by, and at the same 
time some of its disadvantages may be avoided. Thus the automotive 
plants of Pontiac, Flint, and Jackson, Michigan, enjoy most of the ad- 
vantages of those located in Detroit, without being faced with the trans- 
portation problems or the taxes incident to location within Detroit. The 
tax problem has played a major role in locating new plants that are 
branches of larger parent organizations. Pontiac and other “satellite’^ 
cities owe their industrial growth largely to the high taxes of the larger 
cities. This tax differential tends to disappear with the passage of time 
and the growth of these satellite cities. 

Economic survey frequently shows that the large city offers special 
advantages to the small plant, that the suburbs of a large or medium- 
sized city are best suited to the fair-sized plant, and that the small-town 
or rural location has much to offer the very large plant in a position to 
attract its labor supply and able to aid in the housing situation. This 
is a very broad generalization to which there are innumerable exceptions 
Each individual situation should be analyzed in terms of its peculiar 
needs and requirements. 
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The economic survey. Industrial engineers and market analysts have 
developed techniques for determining with fair accuracy the volume of 
business that may reasonably be expected from a given market area, and 
the plant location that will make possible the delivery of the product to 
the 'consumer in this area at the lowest unit cost. That plant location 
is best which results in the lowest unit cost in producing and distributing 
the product to the consumer.^ Determination of it is seldom controlled 
by one factor alone but is usually the resultant of many economic forces,^ 
including: (1) incoming freight expenses, (2) cost of fuel, power, and 
water, (3) cost of plant site, (4) building costs, (5) labor costs, and 
(6) frei^Tft costs for the finished product to the consumer. With these 
costs and assumed volume of production, an operating statement can be 
constructed or a cost analysis made that will indicate certain definite 
preferences concefliing location.^ Most of the data required are readily 
obtainable from current prices and published schedules for the communi- 
ties under consideration. Labor costs are usually computed on the basis 
of the prevailing rates in the community for common labor. Land sites 
can usually be determined locally by an actual bid or offer. The nature 
of the land site may determine to some extent the building costs. Labor 
rates, a large factor in building construction, vary considerably in differ- 
ent localities. 

This survey may readily be divided into two main divisions: (1) the 
cost of the building and equipment, and (2) the operating costs. The 
building and site cost should be accumulated in some such form as the 
following: 



Location A 

Location B 

Land 

$ 50,000 

$ 40,000 

Buildings 

900,000 

855,000 

Equipment 

125,000 

125,000 

Water and power 

35,000 

10,000 

Special requirements, if any: 



1. Grading 

10,000 

1,000 

2. Railroad siding 

Present 

5,000 

3. Roadways 

1,000 

3,000 

Total cost 

$1,121,000 

$1,039,000 


2W. G. Holmes, Plant Location, McGraw-Hill Book Company, New York, 1930, 
p.3. 

® Ibid. 

^ See E. L. Grant, Principles of Engineering Economy, Ronald Press Company, New 
York, 1938, pp. 126>129, for an illustrative computation of relative costs for various 
locations, and also William B. Cornell, Organization and Management in Industry 
and Business, Ronald Press Company, New York, 1936, p. 178. 
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The comparative statement of operations for the two sites would be 
something like the following: 


Freight expense : 

Location A 

Location B 

Incoming 

$ 50,000 

% 55,000 

Outgoing 

80,000 

78,000 

Power and water 

45,000 

42,000 

Fuel 

30,000 

20,000 

Labor 

450,000 

427,500 

Total cost 

$655,000 

$622,500 


From the foregoing hypothetical figures Location B has a lower ground 
cost, building cost, water and power cost, grading cost, but a higher road- 
way-construction and railroad-siding cost. The net cost is in favor of 
Location B. In terms of operations the costs at Location B are also most 
favorable, and it is evident that Location B is closer to the total market. 
From a purely economic standpoint this would be the natural site to be 
selected. 

Some persons overemphasize labor costs in selecting a plant site. The 
relative importance of any of the cost factors has to be carefully scruti- 
nized. Labor costs vary all of the way from six per cent to seventy per 
cent or more in different industries. In the final analysis, from an eco- 
nomic standpoint the total-cost relationship rather than any one item 
is likely to be controlling. 

Social and governmental factors in plant location. To move a plant 
from one location to another involves many social dislocations. Labor 
is by no means as mobile as many persons are likely to believe. Deep- 
rooted ties and sentiments bind workers to a location where they have 
their friends and sometimes own their homes. Some communities become 
almost ghost towns when a key industry moves out, and thus serious 
problems are created for the local and state governments. 

In time of war the factor of national safety is important in the location 
of key industries that are a part of the national effort. The federal gov- 
ernment has little, if any, control over the peacetime location of plants, 
but it enters actively into their location during war. For instance, the 
location of aircraft plants near the coast is of vital concern in time of 
war. It is conceivable that a cooperative peacetime program between 
management and the government might lead to great advantage in a 
national emergency. It would be a dangerous practice, however, for the 
federal government to exercise any major influence upon the location of 
most plants, for political considerations usually do not promote economic 
eflSciency. 
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Decentralization of industry. For many years American industrial 
plants tended to grow in size, partly influenced by economies in mass pro- 
duction and partly from the American attitude toward “size/^ In a strict 
sense building plants away from the home plant to care for needed pro- 
ductive capacity is not decentralization, but rather a change in the trend 
from increased centralization. The transfer of production to outlying 
plants, thereby decreasing not only relatively but actually the produc- 
tion in the central plant, constitutes decentralization.® Much of the 
geographical shifting of production involves in reality enlarged or in- 
creased production in areas hitherto not actively engaged in this type 
of produ^fton, rather than a decrease in the actual production in the old 
plant or area. Since the older production areas and plants may not be 
increasing production at the same rate as the newer ones, opportunity for 
the expanding poi^fulation in this area to find employment is not so favor- 
able as formerly. This situation naturally raises grave social, economic, 
and governmental problems. Manufacturing tends to follow the shift 
in population, and population tends to increase in manufacturing centers, 
thus establishing a reciprocal relationship. Both population and manu- 
facturing centers tend to follow economic opportunities closely related to 
the abundance of natural resources.® 

Other factors influencing the growth of industries in new regions (which 
is what many people mean when they speak of decentralization) are: (1) 
favorable labor legislation or labor relations in the new area, (2) lower 
labor costs, (3) nearness to the source of raw materials, (4) cheap electric 
power, as in the T.V.A. region, (5) lower taxes, and (6) special induce- 
ments in the form of free land sites. Some manufacturers think that 
there are long-run social and economic advantages in having industry 
more widely distributed than was the trend at the beginning of the twen- 
tieth century. There is little likelihood, however, that a large number 
of widely scattered, self-contained small industrial units will develop. It 
is more probable that the next step in the evolution of regional plant 
location will be a highly integrated system of plants decentralized in 
process but directed by a unified management. The location of the 
manufacture of steel has to a large extent followed its market. Pitts- 
burgh is still a large producer of steel, but so also are Chicago, Detroit, 
Cleveland, and Birmingham. 

Industrial housing. Most of the publicity that industrial housing has 
received has not been favorable. There is a prejudice against industrial 

® William N. Mitchell, Organization and Management of Production, McGraw-Hill 
Book Company, New York, 1939, Chapter IV, especially pp. 62-69. 

« The population center of the United States, according to the 1940 Census, is near 
Carlisle, Indiana. 
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towns which must be overcome by the individual company. Early at- 
tempts in the construction of industrial towns were largely failures be- 
cause they were built on a paternalistic concept which was unsound. 

The company has a proper interest in the living conditions of its 
employees, provided that it does not carry that interest to paternalistic 
extremes. The worker who is in a plant for an eight-hour day is there 
only about one quarter of the year. It is generally recognized that con- 
ditions in the plant affect a worker’s health. His health is affected even 
more by conditions in his home. Health and production are directly 
related. The costs of labor turnover will be decreased if the employee 
can live in a better home by working for a particular company. The cost 
of replacing employees may be found to be larger than the interest rates 
on the money that a company ties up in aiding an industrial housing 
project. 

Industrial houses may be company owned and may pass into the hands 
of the worker through the financial assistance of the company; may be 
owned by a separate corporation, in turn owned by employers and em- 
ployees; or may be owned by persons not connected with the company. 
For the company to own permanently a large share of the houses in a 
town or village is likely to result in the alleged exploitation or other 
abuses that have brought condemnation upon industrial housing projects 
in the past. It is generally more advisable for the workers’ houses to 
be built by a separate corporation and to be sold to the employees. The 
operating company may have to take the initiative to get the program 
under way, but it should be as inactive in the management as is con- 
sistent with the protection of its investment. 
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ORGANIZATION STRUCTURE 

CHAPTER 5 

ORGANIZATION DEVELOPMENT 

Functions of the executive. The functions of the chief executives are 
planning, organizing, and controlling.^ Planning in this sense refers to 
the over-all planning, an administrative function, not the detailed plan- 
ning of operations. Control refers to the regulatory activities of top 
management which are largely executed through organization channels. 
Organization is the foundation of most of. the steps of operating man- 
agement. Proper organization simplifies management in ways which are 
impossible in a business that is not well organized. Much of the criti- 
cism which has been leveled at certain methods of management in par- 
ticular enterprises should instead be aimed at the faulty organization that 
made impossible the laying of the groundwork on which these methods 
should have been based. 'Organization is not an end sought in and of 
itself but rather a means to aid in the attainment of the institutional 
objective. It creates an atmosphere in which effective collaboration may 
be realized. 

Ordinarily the poorly constructed organization is typified by execu- 
tives at the top who are struggling continually with a mass of detail, 
who point to their terrific burdens, and who perhaps feel that they are 
not able to take a vacation onte in five years. The organization which 
is .well constructed is typified by the smooth flow of detail throughout the 
executive organization and by chief executives whose minds are free to 
think constructively about important matters. 

Definitions. The term organization has been used in a number of differ- 
ent ways by different authors and often with at least two meanings by the 
same author In its broadest sense it refers to the relationship between 

^ See Ralph C. Davis, Business Organization and Operation, H. L. Hedrick, Co- 
lumbus, 1937, p. 25. 

2 See E. H. Anderson and G. T. Schwenning, The Science of Production Organi-- 
zaiion, John Wiley & Sons, New York, 1938, pp. 9-16, for a detailed discussion of the 
various usages of this term. 
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the various factors present in a given endeavor. Thus land, labor, capi- 
tal, and the entrepreneur may be combined in various relationships to 
produce an economic organization. Factory organization concerns itself 
primarily with the internal relationships within the factory, such as re- 
sponsibilities of personnel, arrangement and grouping of machines, and 
material control. Viewed from the standpoint of the enterprise as a 
whole, organization is the structural relationship between the various 
factors in an enterprise. It is the structure within which the various 
factors operate to achieve the objectives of the institution. Organization 
is sometimes used to refer to the personnel functioning within a given 
structural setjip or to the functioning unit as a whole. These two uses 
of the word seldom cause any great confusion. 

System is a mechanism of management functioning within an organi- 
zation. System is subsidiary to organization and arises when procedures 
have been standardized. It is the crystallization of procedures whereby 
the efforts of men and departments are coordinated and integrated. 
System is regulatory in nature and not within itself constructive, although 
it may be a means of simplifying constructive effort. System is not an 
end in itself and must be carefully used if it is not to develop into red 
tape. 

Basic considerations in organization. Organization refers to the struc- 
ture of the enterprise, especially from the standpoint of the development 
of the duties and functions of its parts. The purpose of building up an 
organization is to provide for a daily routine and effective operation of 
a business or department with a minimum of direction from above. Or- 
ganization carries out its purpose by determining the scope and limits of 
each individual or group of individuals in a business undertaking, to- 
gether with their relationships and contacts with each other. After con- 
sidering the fundamentals and types of organization, an executive builds 
up a structure for his business or department which is peculiarly suited 
to its needs. Organization should be dynamic; it should be changed to 
meet changing conditions. 

Organizations must be developed primarily with regard to peculiar 
conditions within the business. The application of the fundamentals of 
organization will differ widely in two different businesses. The size of 1 
a business, particularly, has an effect on the way in which the organiza- 
tion develops. On the whole, in the small business it is possible to de- 
velop essentially the same type of organization as in the large business, 
except that the duties of several people in the large business will neces- 
sarily have to be combined in the small one. 

The type of business will be found to affect greatly the development j 
of the organization. Thus it will be found that steel plants, textile mills 
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paper mills, or refining plants, although they have the same fundamentals 
to deal with, will necessarily make different decisions. In a manufactur- 
ing business, if the product is standard, ordinarily the organization will 
need to be differently constructed from one handling a diversified product. 
The same amount of business may be handled with fewer chief execu- 
tives if the product is standard, because it is easier to delegate authority 
in such industries. Even the location of a plant or of the departments 
within a plant may affect the exact way in which the organization is 
constructed. The effect of location on the personnel may demand this 
adjustment. 

To build up^an effective industrial organization requires proper observ- 
ance and application of a series of “fundamentals of organization.^^ 
These fundamentals fall into two main groups, primary and operating. 
The primary fundam"entals should be considered by the executive in 
building the organization and before giving any considerable attention 
to the operating fundamentals, which aid in the application of these pri- 
mary fundamentals to the business. The primary fundamentals of busi- 
ness organization deal with those phases of management which include 
policy formulation and organization structure. The operating funda- 
mentals deal almost entirely with the operating phase of management. 

The fundamentals of organization. The primary fundamentals are 
fourfold: 

1. Regard for the aim and objectives of the enterprise. 

2. The establishment of definite lines of supervision within the organization struc- 
ture. 

3. The placing of fixed responsibility among the various persons and departments 
within the organization. 

4. Regard for the personal equation. 

The operating fundamentals, which are also four in number, are: 

1. The development of an adequate system. 

2. The establishment of adequate records to implement the system and to use as 
a basis of control. 

3. The laying down of proper operating rules and regulations within the estab- 
lished organization in keeping with the established policies. 

4. The exercise of effective leadership. 

The operating fundamentals of organization establish the groundwork 
for the third of the major divisions of management — operating the en- 
terprise.® The first of the primary fundamentals, regard for the aim of 
the enterprise, serves to tie the developed organization closely to the de- 
termination of major policies, which is the first of the three major tasks 

* See Chapter 1, p. 13. 



Ch. 5 ESTABLISHMENT OF DEFINITE LINES OF SUPERVISION 53 

of management. Thus, through the construction of an effective organiza- 
tion, major policies are followed in operations. 

Regard for the aims and objectives of the enterprise* Regard for the 
aim of the enterprise is the first of t he primary fundamenta ls. It is most 
important at the time when the first steps are taken in the building or 
development of the structure which is to be termed the organization of 
the enterprise. In no two businesses are the purposes of the manage- 
ment or the conditions of operation entirely alike. It will be easiest to 
consider this fundamental of organization by considering businesses of 
diverse natures, whereby it can be seen that the organization structure 
must necessarily be different in order to meet the several conditions in- 
volved. Let us consider the organization which is necessary to take care 
of the unusual situation in which speed of attainment and not cost is the 
dominating factor. Such an instance is clearing of a railroad right of 
way after a wreck. All thought of cost is thrown aside, and an organi- 
zation is constructed which has but one end in view, namely, clearing 
the tracks and letting through the trains at the earliest possible moment. 
Compare this to the organization necessary for the operation of a huge 
manufacturing plant which is to remain in existence for many years and 
whose activities are not only numerous but varied and must all be car- 
ried on with due relation to each other. It will readily be seen that the 
organization structure required to meet the emergency of the railroad 
wreck will be simpler and more direct than that required to carry on the 
work of the great manufacturing enterprise. 

Length of life of the organization and desired speed of results are im- 
portant factors in the development of its structure. Thus the organiza- 
tion necessary to construct a number of reviewing stands for a large 
parade, which will be put up quickly and taken down promptly, may be 
far simpler than the intricate organization of a construction enterprise 
involved in putting up a huge office building or hotel. As the purpose 
for which or the condition under which the enterprise operates changes, 
the organization must likewise change. In determining the aim of an 
organization, major plant policies must be carefully thought through. 

The establishment of definite lines of supervision. The establishment 
of definite lines of supervision lays down the policies of control which are 
exercised over the personnel of the enterprise. These lines of supervision 
may be looked upon as lines of authority, as paths along which orders 
flow. They are also the paths along which information necessary to the 
execution of particular tasks is communicated. It must be kept in mind 
that this path of communication is two-way; not only must instructions 
flow down but also reports must return along the same lines. Care must 
be exercised not to check the free flow in both directions. 
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In laying down the lines of supervision, the organizing executive has 
two main problems at hand. First, he must determine the type of or- 
ganization to be used. The particular types of organization structures 
are described in Chapter 6. Second, he must carefully develop and mold 
the outlines of the type as they can be best applied to his particular 
business enterprise. In developing his definite lines of supervision he 
will have to give careful attention to the fourth primary fundamental — 
regard for the personal equation. 

A lack of definite lines of authority will result either in an ove£^aj)ping-i 
o f di^ s or in gaps which are not taken care of by the organization as 
constructed. ^t)n an organization chart such gaps or overlaps may be 
thought of as horizontal and existing between the lines of authority which 
have been laid down, as contrasted to vertical gaps or overlaps, which 
will occur if the thircFbf the primary fundamentals, namely, the placing 
of fixed responsibility, is not adequately handled. Lack of definite lines 
of authority will result in dis sensio i) among whole departments of the 
organization, and thus the personal attention of chief executives must be 
directed to the problems that arise.* ^ 

Definiteness of control through the establishment of lines of super- 
vision implies the idea of the scalar principle or tapering authority. It 
implies the development of a group of executives in accordance with the 
plan of supervision, each one down the line having somewhat less author- 
ity in scope and somewhat more direction of detail. The job boss, al- 
though he has control over a small fraction of the business undertaking, 
is not charged with error if the undertaking has been wrongly conceived 
and has proved to be generally unprofitable. 

At every step in the scalar chain of supervision there should be some- 
one in charge. The organization structure should also provide for some- 
one to take the place of the regular supervisor when he is not available 
because of vacation, illness, death, or resignation. This does not mean 
that there must be an individual substitute for each position, for so many 
qualified understudies are unnecessarily expensive for the small enter- 
prise. It is frequently possible to train one man to substitute for several 
supervisors. 

In small businesses the desire to have a substitute for each executive 
sometimes has led to a surplus of executives. It is never profitable to 
carry this idea to the point where additional executives must be put on 
the payroll. This consideration is often a real one, as, particularly in 

^See James D. Mooney and Alan C. Reiley, The Principles of Organization, 
Barper and Brothers, New York, 1939, Chapter III, for a scholarly discussion of 
the -scalar principle. 
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small businesses, there is often a wide difference in caliber between the 
executive head of a department and anyone else in his department. 

The placing of fixed responsibility. To place responsibility accurately 
eliminates vertical gaps or overlaps of responsibility along the lines of 
supervision which have been laid down. Functional definition of the 
exact area for which an executive or worker is responsible is the third 
step in the scalar principle,^ Standard practice instructions setting forth 
in detail the exact limits and responsibilities of each job and position are 
part of an efficient organization structure. It is sound procedure to fix 
responsibility as far down in the organization as competence and the 
necessary information exist. 

Three main results are achieved through accurately placing responsi- 
bility: 

1. Fixed responsibility acts as an incentive to a subordinate. This is particularly 
true in large organizations. 

2. Fixed responsibility aids in the general speed-up of work. It immediately be- 
comes possible to know to whom communications should be addressed or which 
executives should be called into conference on any particular topic. 

3. Accurate placing of responsibility assists in developing discipline as a means of 
control. 

Regard for the personal equation. By regard for the personal equation 
is meant consideration of the abilities and limitations of individual men 
and women. In developing lines of supervision and in fixing responsi- 
bility, it is not possible to consider only the factors of the business which 
would ordinarily demand that decisions of a certain nature be made. 
It is necessary to take into account the personnel which is available or 
can be made available. Frequently men have been shifted in an indus- 
trial organization as if they were all of equal value, as if one could readily 
replace the other, or as if one could always fit into an organizational niche 
when another had gone merely because he was a man of approximately 
the same salary or had previously performed almost the same duties. 
Men are of different values and work together in different ways. Fre- 
quently it is necessary to consider the man who is available and then 
draw the outlines of the job to fit his capabilities. 

Merely assigning duties to men does not lead to the accomplishment of 
tasks, and therefore it is not always possible to draw organization charts 
and find men to fit them. This does not mean that a defective organiza- 
tional structure should be continued indefinitely merely because at a 
given time men with the proper qualifications are not available within 
the business. The scientific manager will either train his men to meet 

® Ibid., p. 14. Mooney and Reiley list leadership, delegation, and functional defini* 
tion as the three factors in the scalar principle. 
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the standards of the desired organization or will seek them on the out- 
side. At a given time, however, compromises may have to be made. 
Some enterprises with branch establishments have organized each branch 
in exactly the same way, having for each branch organization charts 
which are exactly the same. It is an outstanding fact that in some of 
the branches of such organizations it will be found that everything is 
working smoothly, that everyone cooperates with everyone else; whereas 
in other branches jealousies have arisen, dodging responsibilities is preva- 
» lent, and the organization seems to be generally ineffective. The main 
difficulty is that, although the organization has been outlined, the lines 
of supervision have been drawn, and the responsibilities have been fixed, 
the personal equation — ^the abilities and limitations of the men and 
women — has not been taken into account. 

It is diflScult to enumerate all the factors which should be considered 
in giving proper regard to the personal equation as a factor in organiza- 
tion. There are several such factors to which attention should be di- 
rected. In the first place, proper consideration must be given at times 
to home conditions and outside worries. It is well enough to say that 
men and women should keep their social affairs outside the business, but 
unfortunately human nature frequently does not permit this. Secondly, 
the habits and inertia of the personnel of an organization must be con- 
sidered. For just this reason new organizations are easier to construct 
than are old organizations to reconstruct. The “efficiency man,^^ who 
developed so much trouble for himself, frequently did so because he re- 
fused to consider the habits or inertia of personnel involved. They gave 
lip service to the suggested changes but did nothing about putting them 
into practice. 

Adequate system. The operating fundamentals are concrete in nature, 
as compared to the more abstract primary fundamentals, and, being 
readily seen by the casual observer, are easily misunderstood for organi- 
zation itself. System is a part of organization, not the whole of it. As an 
operating fundamental it helps to bind the whole mechanism of organiza- 
tion together. System is the existence of order and method in all parts 
of an undertaking. System implies a formalized procedure that is to 
be followed in the. handling of standardized activities. It relieves the 
man at the head of the details of execution and is a bulwark that pre- 
vents the lines of authority which have been laid down from being over- 
stepped. It insures that work will be brought to executives with the 
preliminary steps completed and ready for their attention, thus enabling 
them to apply their entire time to matters of maximum responsibility. 
When all factors in a business are moving in a regular and accustomed 
routine, the waste of time ai^d effort involved in repeating the preliminary 
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steps of the solution of any problem is avoided. It is the function of 
system to safeguard this routine, to provide in advance for all detail 
work, preliminary or consequent. 

Although system implies order in work, it does not necessarily imply 
economy. A procedure may be highly systematic but still be very waste- 
ful. Balance is needed in the establishing of systems as well as in all 
other managerial activities. 

The “exception principle” — development of system. System supplies 
the motive power for what has been termed the “exception principle” of 
management. Under this principle, the head of an enterprise, of a de- 
partment, or even of only a few men does not attempt to act personally 
on each case coming under his general jurisdiction ; he acts on the excep- 
tional matters only. Frequently recurring matters are made routine, a 
system of checks and balances having been developed in accordance with 
responsibilities already fixed, so that these matters may be handled 
entirely without reference to the executive himself. 

In discussing the exception principle Frederick W. Taylor said: 

Under it the manager should receive only condensed, summarized, and in- 
variably comparative reports, covering, however, all of the elements entering 
into the management, and even these summaries ® should all be carefully gone 
over by an assistant before they reach the manager, and have all of the excep- 
tions to the past averages or to the standards pointed out, both the especially 
good and especially bad exceptions, thus giving him in a few minutes a full view 
of progress which is being made, or the reverse, and leaving him free to consider 
the broader lines of policy and to study the character and fitness of the impor- 
tant men under him.^ 

Through the operation of the exception principle all routine matters 
may be handled by the executive in a few minutes, and thus he is enabled 
to devote his entire time to the more important matters which should, by 
right, demand his personal attention. He may devote more detailed con- 
sideration to the peculiar cases that do not fall under the routine. In 
devoting his attention to these matters, he frequently works over them 
to such an extent that he can correlate them and develop the points of 
similarity and difference among them, until they, too, are classified and 
routine and no longer may be termed exceptional. 

® The executive must exercise care not to have this editing process function in such 
a manner as to keep from him vital information about employee unrest and similar 
items. Sometimes his assistants think that he should not be bothered with such 
details, which, however, are often more important than other items reaching his 
attention. 

^Frederick W. Taylor, Shop Management, Harper and Brothers, New York, 1911 

p. 126. 
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Systematic management. Systematic management is a considerable 
advance over rule-of-thumb method, yet it is far from modern scientific 
j management. Systematic management represents a rather full develop- 
ment of system within an organization, without a corresponding develop- 
ment of the more thoughtful processes associated with scientific manage- 
ment. In plants where this type of management is found the executives 
are methodical in the extreme, and in some departments the smoothness 
of operation is very high. In systematic management considerable atten- 
tion is devoted to all the fundamentals of organization, the greatest being 
given to the execution of orders through the development of a complex 
but generally*^ffective system. It is in this type of management that the 
importance of the office clerk and bookkeeper reaches its peak, as com- 
pared to the situation under the thoughtful direction of the real executive. 

Reports as an aid tn management. Just as an order should communi- 
cate all information necessary for execution, so a report should contain 
all the data essential to appraisal of performance. A report in part dis- 
charges the responsibility of a subordinate to his chief. It is the com- 
pletion of a task, the end of an assignment of work to be done. 

The primary requisite of a report is that it serve a really useful pur- 
pose. Some men require the submission of reports which are of little 
practical value. If reports are to be an aid to the operation of the excep- 
tion principle, this situation must be avoided. Otherwise the reports 
will nut be read and will not serve as the basis for action. 

The submission of reports is one of the most important functions of 
the young man who is just entering the field of management and who 
secures a minor executive position. If such a man properly can present 
the subject at hand for the consideration of his chief, he has found a sure 
way to secure the approbation of his superior. The ability to prepare 
a concise report which comes directly to the point at issue, covers all the 
necessary facts, and at the same time does not waste space by the inclu- 
sion of nonessential details is the best possible evidence that the sub- 
executive has an understanding of his work, has completely thought 
through and analyzed the situations that have confronted him, and in 
short, has successfully mastered his job and is the type of person to whom 
more responsibilities may be given. 

Reports to executives should always be concise, should give the gen- 
eral facts and basic conclusions, if any, in the first few paragraphs, and 
then should follow them with such elaboration and data as are necessary 
in the particular case at hand. In a more comprehensive report, such 
as an economic survey, it is advisable to include a summary and con-- 
elusion as the first chapter of the report. This section is somewhat more 
condensed than the summary at the end of the report, but it should in- 
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elude the important conclusions. All information that is susceptible of 
comparative treatment should be so handled, so that the executive may 
see trends without having to look up previous reports or other older 
information. This comparison may be accomplished by the use of graphs 
or comparable statistical data. Statistical reports, to be effective in the 
development of system, must readily call the attention of the executive 
to unusual figures but should not draw his attention unduly to figures 
that may be considered normal. 

Organization reports may be periodic or special. Special reports are 
prepared on some unusual subject by special assignment. Periodic re- 
ports are regularly presented at stated intervals. 

Adequate records. System without records does not usually prove 
successful. Records are even more tangible than system. They are defi- 
nite, and therefore their provision, maintenance, and improvement are 
relatively simple. Records should give the facts concerning the operation 
of the enterprise. Their preparation and use make possible the elimina- 
tion of guesswork for management. 

Good organization requires adequate records. Too few records are 
costly; too many records possibly even more so. Once the necessity for 
records is realized by those in charge of the enterprise, the immediate 
danger is the development of ^^red tape.^^ ^^Red tape^^ is of three general 
kinds: (1) too many records, including some unnecessary ones and dupli- 
cates made up by different departments; (2) too many forms to secure 
essential information which might be obtained on a smaller number by 
combining several; (3) the unnecessary refinement of information. Ordi- 
nary processes of manufacture, distribution, or management may easily 
be halted to secure accurate figures when approximate information would 
serve the needs of the executive. 

As previously stated, there should be as few separate forms as possible. 
A multiplicity of forms results in frequent loss and consequent absence 
of necessary information because one of many forms relating to a par- 
ticular problem is not at hand. Forms should be of standard size wher- 
ever possible ® in order that their handling, as well as their filing, may 
be expedited. They should be constructed so that they are read easily, 
with the most important information standing out most prominently when 
the form is filled in. An integral part of keeping adequate records is to 
maintain them so that they are readily available when needed. 

One sound maxim concerning records, as well as other devices of man- 
agement, is that they are valuable only to the point where the cost of 
their collection is less than the savings which they will effect. Many in- 

* For example, 3 X 5, 4 X 6, 6 X 8, or 8% X D inches. 
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teresting data can be collected at large cost. If the executive is of the 
type who likes to know the detail of operations from every possible angle, 
it is not diflScult for him to secure the information. It is likewise not 
difficult to increase the overhead cost of the business tremendously.® One 
type of records which usually justify its cost of collection, however 
large, is cost records, if their value is determined in broad rather than 
in narrow terms. Proper cost analysis gives invaluable data on condi- 
tions demanding reorganization and on the operation of the organization, 
as in results achieved through certain responsibility previously placed. 
The larger ^o|l more complex the organization, the greater is the impor- 
tance of securing accurate cost records. 

It is essential that all records, of whatever nature, be compiled so as to 
indicate trends. Records, like reports, which do not give comparative 
information frequently are valueless. Certainly the records that include 
comparative information are far more valuable than those that do not. 

Operating rules and regulations. The third of the operating funda- 
mentals of organization, rules and regulations, is the tie that binds 
together the other fundamentals. It defines the scope of the application 
of system to the various portions of the lines of authority which have 
been built up. It provides methods for the utilization of the records, and 
in innumerable way? it functions to knit the organization together into a 
unified whole. The establishment of exact rules, either verbal or written, 
facilitates the delegation of authority and responsibility and permits sys- 
tem actually to work, because the superior and the subordinate both have 
» a definite concept of their respective duties and responsibilities. Written 
rules and regulations may be general in nature, touching only the broad 
outlines of business policy, or they may be more detailed, taking the 
form of a ^^standing order,” which may provide the exact method of 
performance of nearly every task in the business. In developing rules 
and regulations, care must be taken to insure that they are amended as 
conditions change and that they are not so detailed as entirely to elimi- 
nate individual initiative and its good effects from the business. An 
operating manual exerts a stabilizing effect upon the organization and 
serves both as a guide to performance and a standard against which to 
measure accomplishment. 

Rules and regulations include proper instruction of the personnel in 
all features of the business. Unless written rules are orally and intelli- 
gently interpreted at the time of their promulgation and the spirit behind 
them is clearly defined, it is likely that too often they will be observed 

•The use of machine-kept records, especially the tabulating card, may simplify 
record keeping and greatly reduce the cost of compiling many details that would 
otherwise be almost impossible to accumulate. 
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to the letter in situations when the interpreter of all business regulations 
— judgment — should be exercised. 

Effective leadership. The exercise of effective leadership provides the 
lubrication which makes possible the smooth functioning of the organiza- 
tion as a whole. The chief executive has three main tasks to perform: 
planning, organizing, and supervising. The operating executive spends 
most of his time in detailed planning to carry out the major plans of top 
management, organizing to effectuate the institutional objectives and 
exercising supervisory control over his subordinates. His organization 
task, although equally important, is not the one to which he devotes the 
majority of his working hours. The task of supervision or leadership 
consumes most of his time and consists, in the main, of making decisions 
and handling exceptional cases, as they arise, in a way that will promote 
the smooth operation of the organization. In carrying on this work, the 
executive, if he is capable, will at the same time provide inspirational 
leadership for his subordinates. 

Frequently, in developing the responsibilities in his division of the 
business, an executive can find in his organization someone with qualities 
of leadership that can be exercised in a subordinate position. Successful 
enterprises usually have such men in their organizations. If such a man 
is properly placed in the organization, the other executives and subordi- 
nates will work harder, more whole-heartedly, and in a more sustained 
manner for the purpose at hand. 

The so-called ^^strong man^^ is a man at or near the top who brushes 
aside the carefully developed lines of supervision or responsibilities which 
have been fixed and, through his own dynamic guidance, operates the 
organization or a large part of it. Such men are dangerous in long- 
enduring organizations because they tend to trample on the feelings and 
rights of others, destroy morale, and ordinarily, if they resign or die, 
cannot be replaced. However, when policies are being determined in new 
businesses, such a driving head is often superior, for purposes of getting 
an organization going, to a group of individuals without his driving 
power, even though they may work along theoretically correct lines of 
authority and responsibility. The combination of strong driving force 
from the top combined with observation of well-developed fundamentals 
of organization through the ranks is one of the best, if not the best, means 
of effective leadership that can be developed. Effective leadership implies 
the prior development of the primary fundamentals of organization. 
Without them, executive control involves one-man supervision of most 
of the details of a business, with all the attendant difficulties. 

Poor leadership is easily observed; it is evident in the executive who is 
unable to get rid of the matters which come to him for decision, in the 
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man who makes snap judgments, in the man who shows his ignorance of 
the relationships of the various other phases of the business to his own, 
or in the man who treads solely the path of custom. The efficient execu- 
tive plans the work for his subordinates, coordinates their efforts, and 
provides the dynamic leadership that inspires them to increased effort. 



executives, and supervisors. (Adapted from American Management Association, 
Personnel Series, No. 24, p. 33.) 

Figure 5.1 illustrates the division of activities and interests of officers 
executives, and supervisors in a given line of authority. 

Standard instructions. Standard instructions are used to show the 
scope or lines of authority within the organization or to describe methods 
of procedure. A procedure involves the interrelationship of two or more 
persons in the business. 

To use standard-practice instructions to show the scope of authority 
of each of the members of an organization makes these instructions in- 
terpreters of the organization chart, if there is one.^® It is impracticable 
to show on the face of such a chart all the necessary facts. These stand- 
ard-practice instructions are not necessarily fixed; in fact, it is usual to 
find them under constant revision. Their value is that during the periods 
of change existing relationships are maintained until they are superseded 
in written form by new information. The value of standard-practice 

See Chapter 6 for illustratiqps of the organization chart. 
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instructions, showing scope or lines of authority, is increased when func- 
tions are transferred from one member or department of the organization 
to another. They are of great value in bringing changed conditions to 
the attention of all persons within the organization. 

To describe methods of procedure is the second reason for the prepara- 
tion of standard-practice instructions. Examples might include instruc- 



PURCHASING DEPT. 

VENDOR 

STOREROOM 

Inspector 

1 accoumtimq dep't. 

Order 

Moo 

19 



Receiver 

Stores 

Clerk 


Desk 

♦ 6 

File 

FORM 

P 7 

PURCHASE 

ORDER 

IQ 

imiiii^iiiiii 

BBS 

BQi 

IBB 








BIB 

mmn 

wm 





n 





BBBi 

bbbb 

bbb 

BPBB 

BPBI 



BBB 


BBB 

BBB 

BBB 

BBB 


BSfll 

BhBI 










■ 








[mui 

bhH 

BBB 

bhbh 

bibb 

bbb 

mSM 











FORM 

S 6 

NOTICE 

OF 

ARRIVAL 





B 

IBB 

mui 




Q::: 


— 

mu 

B 










□— 

BBS 

ui^miii 

UI22II 

UUjj 

B 

FORM N4 

INSPECTION 

REPORT 



iniiiiiiiii 

■miB 

bbbi 

bbbbi 





9::: 


^■1 

bhb 

Bbb 

bbb 









I^Bl 


m 


ROUTINQ OF PAPERS -PURCHASE ORDER PROCEDURE 

a - Originates O- Action to betaken #- Action completed 

Fig. 52 . A procedure chart. 


tions concerning the handling of complaints, instructions concerning ac- 
tion to be taken on certain paper work, or instructions concerning the 
method of estimating the demand for a new article or line to be added 
to those already manufactured by the company. Such standard instruc- 
tions clearly indicate the way in which successful management operates. 
When occasion arises for the development of such instructions, the man- 
ager in charge of the function involved sees that the standard instructions 
drawn up clearly indicate the procedure to be followed. Once this is done, 
the matter does not come to the executive's attention again until a change 
in the instructions becomes necessary. 

Figure 5.2 indicates an effective way in which a procedure may be 
visualized through the use of a chart form of standard-practice instruc- 
tions. 
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Advantages of standard instructions. Standard-practice instructions 
are advantageous and vitalize the development of the organization fun- 
damentals within a business because: 

1. They are not likely to be misunderstood. 

2. They are less likely to be forgotten. 

3. They fix responsibility for mistakes. 

4. They clarify the ideas of those giving the orders and thus insure careful thought. 

5. They encourage change in methods that should be continuously improving. 

6. They expedite the routine to be followed by members of the organization. 

7. They constitute a ready-reference file of executive decisions. 

Reasons wEy standard-practice instructions sometimes fail. Standard- 
practice instructions have frequently failed in operation. Their failure 
can usually be ascribed to one of several causes: 

1. Too many orders. 

2. Not enough care in preparation. 

3. Occasional delegation of the preparation of the instructions too far down in the 
organization. 

Too many orders may be the result of one of two diflSculties — either 
orders issued from too many sources, or too large a number of orders 
from one or more of these sources. Difficulty arises when two people 
issue orders on the same group of details or procedures. Nothing will 
break down the force of standard instructions more than to have two 
conflicting instructions, both supposed to be binding. The effect of too 
large a number of orders is almost equally bad. An order which is 
numbered, for instance, 546, is likely to be regarded lightly. The impos- 
sibility of keeping such a mass of instructions in mind is clearly evident 
to everyone. If it is necessary to revise order No. 36, it is desirable to 
call it order No. 36-A merely for the effect on the persons concerned. 

The second chief reason for failure that must be guarded against when 
preparing standard-practice instructions is lack of sufficient care in prep- 
aration. Such lack of care may include either the use of terminology 
that is not clear or failure to visualize all the implications involved in 
the order being transmitted. 

The third reason for failure of standard-practice instructions is that 
some person too far down in the organization scale is delegated to pre- 
pare them. This situation defeats much of the purpose of standard 
instructions, which is to insuro at all times chief-executive direction, 
together with the operation of the exception principle. 
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TYPES OF ORGANIZATION 

Objectives of organization. The executive faced with the direction of 
the efforts of a number of people toward a common goal is forced to 
establish relationships among them. The structural relationships among 
the various factors of an enterprise contribute to the smooth functioning 
of the enterprise provided it is constructed along well-established princi- 
ples. If fundamental principles of organization are violated, friction is 
certain to develop, morale is depressed, and the general effectiveness of 
the group is lowered. 

One basic principle of organization is specialization of effort, or the 
grouping of related activities together. This is also known as the princi- 
ple of functionalism.^ (It should not be confused with Taylor^s func- 
tional organization.) 

Line, scalar, or military organization. Early industrial organization'' 
was usually of line, scalar, or military type;^ that is, authority flowed 
directly from the boss to various subexecutives in charge of particular 
phases of the business and from them to other workers. In the simplest 
form of this military type of organization the boss was in direct authority 
over all the workers in the organization except certain of the factory 
workers who might be under a foreman. Figure 6.1 illustrates this organ- 
ization. 

There are two types of line organization: (1) pure and (2) depart- 
mental. Pure line organization is found only where the activities at any 
one level are the same, each man performing the same type of work, the 
divisions existing solely as a basis of control and direction. A group of 
one hundred house-to-house canvassers might be organized on this basis. 
In the departmental line organization the respective workers and super- 
visors are grouped on a functional basis, such as sales, manufacturing, 

1 A function is any activity that can be clearly differentiated from other activities. 
Functionalism in top organization consists in the dividing of the enterprise into its 
organic functions of finance, sales, manufacturing, and sometimes engineering and 
personnel. Each of these broad functions may be divided into many minor functions. 

2 “Military,’^ as used in this chapter, has no connection with methods or organiza- 
tion in the army services today. It refers rather to the straight flow of authority 
within a single unit, sometimes called the scalar type. 
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engineering, and accounting. As industry grew in size, the military 
method of organization still continued predominant; and such changes 
as were made were brought about only by the growth in the size of the 
business and represented merely a delegation of authority over subordi- 
nates by the executives near the top in the business enterprise. This is 
illustrated in Figure 6.2. 

Line organization is direct, and the members know to whom they are 
accountable; it is simple and easily understood, flexible and able to be 
expanded or contracted readily, strong in discipline through the fixing 
of responsibility, and capable of developing the all-round executive at the 



Fig. 6.1. Simple line organization for a very small enterprise. 


higher levels of authority. On the other hand, the line organization 
overloads a few key executives, encounters difficulty in getting the execu- 
tives at the lower levels to grasp the need for coordination, makes little 
use of the principle of specialization, and requires a high type of super- 
visory personnel to carry the burdens imposed in the absence of specialists 
as advisers. 

If a strong man capable of carrying the load is available, at times 
when competition is keenest it may be desirable to fix responsibility for 
a department entirely on one man and to allow him to develop a strictly 
military type of organization within his department, so that results may 
be prompt, and responsibility for them may be fixed exactly. Military 
organizations can have their heads changed more readily, little co- 
ordination being needed within them, since responsibility rests clearly at 
the top. It is perfectly possible to develop some departments on a line- 
and-staff basis and others, where suitable conditions exist, on a military 
basis, in order to secure the advantages of both types of organization. 

Functional organization. The difficulty encountered in finding foremen 
who could carry the burdens of supervision in the strictly line organiza- 
tion led Frederick W. Taylor to seek a new organization structure. His 
solution was the division pf responsibilities among different men who 
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were especially qualified for their special functions. He replaced the 
general foreman with four functionalized foremen. 

In setting forth his plan, Taylor said, “It is because of the difficulty — 
almost the impossibility — of getting suitable foremen and gang bosses, 
more than for any other reason, that we so seldom hear of a miscellaneous 



Fig. 6.2. Line organization chart. 


machine works starting out on a large scale and meeting much, if any, 
success for the first few years.’' He further stated: 

This difficulty is not fully realized by the managers of old and well-established 
companies, since their superintendents and assistants have grown up with the 
business, and have been gradually worked into and fitted for their especial 
duties throughout years of training and the process of natural selection. Even 
in these establishments, however, this difficulty has impressed itself upon the 
managers so forcibly that most of them have of late years spent thousands of 
dollars in regrouping their machine tools for the purpose of making their fore- 
manship more effective. The planers have been placed in one group, slotters 
in another, lathes in another, etc., so as to demand a smaller range of experi- 
ence and less diversity of knowledge from their respective foremen.® 

8 Frederick W. Taylor, Shop Management, Harper and Brothers, New York, 1911, 
p. 93. 









68 


TYPES OF ORGANIZATION 


Ch. 6 


Despite this effort to meet the situation by regrouping of machines, it 
nevertheless was found practically impossible for a new establishment 
to secure suitable superintendents and foremen of the business organized 
along the lines of the military plan. The regrouping of machines (func- 
tional layout) was a mistake in many plants, because the manufacturing 
process could be carried on better with the original layout of machines. 

is held responsible 
when his duties are 
becomes apparent 

that these i;ieQuisites are extremely difficuft to meet under the conditions. 
The foreman under this system of organization must lay out the work 
for the whole department, seeing that each piece goes in its proper order to 
the right machine, thfit there is a man at the machine to do the job when it 
gets there, and that he knows just what is to be done and how he is to do 
it. The foreman must see that the work is done correctly, is not slighted, 
and is done promptly. Meanwhile he must look well ahead, possibly a 
month or so, to determine what the demands on his shop will be at that 
time. He may have to provide more men to do the work, or he may 
hav e to t ry to secure more work for the men to do. The disciplining 
of the men is entirely the responsibility of the foreman, as are all rela- 
tionships between the firm and the men on the subject of wages, includ- 
ing the supervision of timekeeping, the fixing or recommending of piece 
rates or day rates, and the readjustment of these from time to time. 

It has been seen that, in order to have good organization, responsibili- 
ties must be fixed; that is, each member of an organization must have a 
clearly defined task, the limits of which are well known. It is evident 
that there are few limits to the foreman's task under military organization 
and it is unlikely that the task can even be defined. Each day he must 
decide, on the basis of his own judgment, just what small part of the mass 
of duties in front of him it is most important for him to attend to. He 
does a fraction of the work for which he is responsible, leaving the rest 
to gang bosses and workmen to do as they may see fit. 

Tayl or pointed out that the qualities of a well-groundj ^man are as 
follows: ^^brai ns, e ducation; sp ecial or tec hnical knowledgeTmahual dex^ 
terity or strength; tact; energy; grityh^^ty; judgment or common 
/sense; gieod health.'^ He believed that a man with three of these qualities 
could be hired at any time for laborer’s wages. If four were required, 
it was necessary to secure a higEeF-pridied ma n. The man combining five 
of the qualities was hard to find, and the one with six, seven, or eight 
almost tlfipossible to discoveT. 

> Functional shop supervision. Taylor believed that the solution to the 
problem lay in functional shop supervision, as outlined in Fig. 6.3. He 


Under the military tj^pe of organization the foreman 
for the succes STni runnin^ f the"ai TIreH^artment ; and, 
measured by the requirements of good management, it 
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felt that functional f oreme n, each with but one type of task, would need 
but four or five of the attributes which he had outlined and that such 
men could be found. Under functional foremanship each workman, in- 
stead of coming into direct contact with but one supervisor, would receive 
his orders from a group of specialized supervisors, each of whom per- 
formed a particular function. Because of this feature, functional fore- 
manship was never generally adopted, although the development of staff 
or functional departments to deal with particular phases of the business 
and to relieve general supervisors of these phases was a direct outgrowth 
of the problems of military foremanship, as influenced by Taylor^s func- 
tional idea. In Sho^p Management Taylor set down the proper number 



Fig. 6.3. Functional organization chart, showing Taylor^s shop bosses. 


of functionalized foremen as eight, four of whom were engaged in general 
planning work and thus were entirely removed from the shop. These 
four were really not foremen at all, but staff men working in a production- 
planning office. ^^These four representatives of the planning department 
are, the (1) order of work or route clerk, (2) instruction card clerk, 
(3) time and cost clerk, and (4) shop disciplinarian.” * 

The four foremen in the shop were to help the men personally in their 
work, each boss assisting only in his particular function. Some of these 
bosses came into contact with each man only once or twice a day, and 
then for only a few minutes, whereas the others were with the men con- 
stantly and helped each man frequently. There was no specific group 
of workmen with the same four bosses over them, but rather a number 
of workmen, falling into varying groups for supervision purposes but 
or^nized into given departments for production purposes, 
v^he following brief description of the work of the Taylor '^executive 
functional bosses” will also serve as a guide to possible division of work 
between line foremen and staff departments in line-and-staff organiza- 
tions. 

^ Ibid., p. 102. It will be well for the student to recall that the modem cost depart- 
ment is the succe^or to Taylor’s cost clerk, smd that the present personnel depart' 
ment is the outgrowth of the shop disciplinarian. 
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i The gang boss has charge of the preparation of all work up to the 
time that the piece is set in the machine. It is his duty to follow up the 
plans of the planning men and to furnish all the jigs, templets, sling 
chains, and other necessary adjuncts for coming operations. The gang 
boss must show his men how to set their work in their machines in the 
quickest time and see that they do it. He is responsible for the work 
being accurately and quickly set and should be not only able but willing 
to show the men how to set the work in proper time. This man has 
nothing whatsoever to do with the running of the machines, and his job 
on a partio«iar operation is completed when the work is set up in the 
machine. 

The speed boss must see that the proper cutting tools are used for each 
piece of work, thatr^the cuts are started in the right part of the piece, 
and that the best speeds and feeds and depth of cut are used. His work 
begins only after the piece is set up in the machine and ends when the 
actual machining ends. The speed boss must not only advise his men 
how best to do the work, but also he must see that they do it in the quick- 
est time, and that they use the proper speeds of the machine and so set 
their tool that they secure the proper depth of cut. By the exigencies 
of a situation he may be called upon to demonstrate that the work can 
be done in the specified time, by doing it himself in the presence of his 
men. The words ‘^speed boss^^ refer to supervision over proper speed and 
not to an attempt to ^^speed up^^ the workman without regard to his 
capacities or the time in which the operation should be performed. This 
man has recently been termed an ^^instructor” rather than a “speed boss.^^ 

The inspector is the third of the shop bosses and is re ^onsible for the 
quality of the work. Both the workman and the speed bosses must see 
that the compTeted work is up to specifications in order that it may be 
passed for quality by the inspector. The inspector can, of course, best 
qualify for his tasks if he is complete master of the machines himself and 
can personally do the work both quickly and well. Under such circum- 
stances his rejections will be taken with better grace by both the workmen 
and the other bosses in the shop. The inspector always sees that the first 
piece made up is of the proper standard in dimensions, fit, and finish. 
He also makes further inspection from time to time, as the needs of the 
job may dictate, to see that the standard is maintained. 

The repair boss is the fourth and last of the shop foremen. The duties 
of the repair boss include seeing that the workman maintains his machine 
and work place in proper condition. This maintenance includes cleaning 
the machine, keeping it free from rust and scratches, oiling it properly, 
and preserving the standards which have been set up for the auxiliary 
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equipment connected with the machine, such as belts, countershafts, and 
clutches. Keeping the floor around the machine clean is also a task under 
the supervision of the repair boss.'* 

Can a workman serve twojnasters? There is a very deep-rooted con- 
viction in the ininds of many industrial managers that no man can work 
under two bosses at the same time, and for this reason the idea of func- 
tional foremanship had slow growth in comparison to other modern man- 
agement devices. The thought that a workman could not serve two 
masters prevailed, and today we find, not functional foremen, but rather 
functionalized staff departments, working through one foreman. 

In summarizing Taylor’s idea of functional supervision the advantages 
may be listed as follows: 

1. Specialized skills are brought to the individual workmen. 

2. It is possible to find supervisors in sufficient numbers who possess the required 
abilities. 

3. The separation of manual from mental work takes advantage of the principle 
of specialization. 

The major disadvantages of functional organization are: 

1. It tends to complicate problems of discipline among the lower levels of the 
organization. 

2. Coordination of the efforts of the various functional foremen is difficult. (Among 
major executives this is not so great a problem.) 

3. Such organization tends to narrow specialization among executives and workers. 

Line-and-staff organization. This type of organization adds to the 
direct ^^line” flow of authority provided in the military type functional- 
ized ^^staff” departments, which deal with one particular phase of the busi- 
ness. Figure 6.4 shows a simple development of line and staff in the 
production and sales departments of a business. The functions marked 
“X” are staff. 

In the manufacturing division of a business, the functional departments 
guide and to some extent control the foremen. In their development it 
is assumed that the foremen are intelligent, in fact, that they are the 
backbone of the operating organization of any plant. The organization 
is so constructed that the foreman can retain his one-man control over/ 
the personnel under him and at the same time can have his direct responsi- 
bilities reduced to a point within the range of accomplishment. The 
foreman's primary duty is leadership, and under this plan of organization 
he can better perform this function. The functionalized staff depart- 

® Much of the material in the preceding paragraphs is adapted, by permission, from 
Shop Management, by Frederick W. Taylor, Harper and Brothers. 
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ments give technical operating information and orders to those in direct 
charge of the workmen. 

In the sales division of a business the functional departments do not 
direct the operating or line activities in any way but perform some specific 
function, such as advertising, which is of direct assistance to the line 
members of the organization in better performing their duties. Func- 
tional departments have this same position in the financial division also. 



X 


Fig. 6.4. Line-and-staff organization. 

The distinction between line and staff members of a complicated 
organization is not always clear. In any case, in an operating organiza- 
tion it is more important that the line-and-stafif idea be utilized in the 
setup of the organization than it is that each individuaPs duties be clearly 
line or clearly staff. It is probable that many persons will have their 
duties develop so that they will be in some respects line and in other 
respects staff. A line man, however, usually controls more than one 
particular function of the business and has under him workers who are 
directly productive.® A staff man usually controls but one function of 
the business, and workers who are directly productive do not ordinarily 
report to him. Departments are line or staff, as their heads fit into one 

® ‘Productive” is here used in its popular sense of referring to work that is directly 
associated with turning out the product. Strictly speaking, all work should be pro- 
ductive or else eliminated. 
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or the other of these categories. It may well be observed, however, that 
a staff department may itself be organized on a line basis. The account- 
ing department, personnel department, and methods department are func- 
tional staff departments, which render a service to the main productive 
unit of the enterprise. 

The line-and-staff organization has practically all the advantages of 
both the military and functional organizations with relatively few of 
their disadvantages. At times the staff department may infringe upon 
the rights and responsibilities of the line organization, thus weakening 
the line organization when its true function is to strengthen this organ- 
ization."^ 

The staff officer. Usually the staff officer has no administrative author- 
ity whatsoever but is an expert in some phase of the operations ; he reports 
to an executive and gives advice on the subject of his specialty. This 
specialty may be general administration, if the staff officer is an assistant 
to the president or an assistant to the general manager; or it may be 
statistics, finance, budgeting, law, or innumerable other fields. Some- 
times, for instance, in legal advice or budgeting, the work may be suf- 
ficiently heavy to permit the development of a staff department instead 
of an individual. The great advantage of the addition of advisory free 
lances to an organization is that they are altogether free of administrative 
or managerial duties and hence are able to devote all their time to work 
in the field of their specialty. 

The committee. The cooperation of the men forming the organization 
is essential. To enlist the cooperation of these men, on whom in the last 
analysis the success of the operation depends, is, in its larger elements, 
not a really difficult task. They must have some share in forming the 
plans, some share in devising the methods of management. They must 
be made to feel that the methods being utilized are really their own. 
They must be consulted frequently and thoroughly concerning difficulties 
and encouraged to suggest ways of overcoming them. It is their knowl- 
edge, their experience, and their information about detail which must be 
brought to the aid of the developers of management methods. 

All plans dealing with organization, reorganization, or operation of a 
business which are formulated by the heads of the enterprise must neces- 
be constructed with three cardinal principles of cooperation in 

^ See William R. Spriegel and Ernest C. Davies, Principles of Business Organization, 
Prentice Hall, Inc., New York, 1946, pp. 47-69, for a detailed discussion of the ad- 
vantages and disadvantages of the various types of organisations and of the com- 
mittee. 
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1. Consideration for the viewpoint of those persons who must execute the plan. 

2. Persons close to the details of operations may contribute constructive sugges- 
tions. 

3. Plans will be more effectively executed when the participants thoroughly under- 
stand all the causal relationships and factors involved. 

Plans should be developed along the lines of complete coordination. 
Generally the joint advice of a group of men conversant with a subject 
is immeasurably superior to the ideas of one man or to any plan developed 
from a single individuaPs brain. The best method of developing a proper 
group spirit is to get men together. Their jealousies and their distrust 
of each oth«r can be eliminated only by bringing them into close contact 
with one another and by steering them in a tactful manner. The spirit 
of helping each other for the good of the enterprise can best be developed 
in a conference. Tfce results may be gradual, but, if proper attention is 
paid to the methods of cultivation, they will not be difficult to secure. 

The committee recognizes the human factor, fosters the spirit of co- 
operation, implants the new ideas of organization and its fundamentals 
in the minds of all members of the organization, and gives everyone the 
contacts necessary to perform his tasks properly. On troublesome prob- 
lems the committee secures the advice of those best qualified to aid. It 
stimulates these men to give the company the best that is in them. The 
standing committees solve routine problems of operation but also investi- 
gate and advise concerning policy and organization development. 

Committees, largely advisory, are used extensively in organization 
today. They usually suggest courses of action to the chairman, aiding 
him in reaching the decisions for which he is held responsible. He may 
accept or reject these recommendations, but normally, if the committee 
work is properly developed, matters will be thrashed out there and the 
decision reached will be practically final. 

There are four general types of committees in use in industry: 

1. The committee which has full power to act. (Seldom found save at the top 
management level.) 

2. The committee which has limited power but whose actions are subject to veto. 
(Not used extensively.) 

3. The advisory committee. 

4. The educational committee, the class or discussion group. 

The committee is a weak control device and a poor substitute for 
proper organization in the first place. Most committees with authority ^ 
incorporate an element of compromise which frequently does not repre- 
sent the true facts of a situation except in the case of policy determina- 
tion, Unless committees are used wisely, they tend to waste the time 
of the members. Committees are of great value as a means of coordinat- 
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ing the efforts of the departments which are represented. They are also 
of special value in broad policy determination. 

As a rule a committee is not well adapted to the collection of facts or 
technical data. A member of the committee or an expert under the 
direction of the committee may collect the facts, and the committee may 
evaluate them or formulate a policy supported by them. Such a policy 
is likely to be more inclusive and to consider the broader implications 
than a policy that is the work of a single individual. 

The manufacturing advisory committee. The tentative personnel for the 
manufacturing advisory committee would include the product engineer; 
the sales rnanagerj or the member of the production organization whose 
function is to effect liaison with the sales organization; the head of the 
cost department; the general superintendent; the purchasing agent, if 
purchasing is a major item; as well as the director of manufacture, who 
would preside over the committee's deliberations. Other men may be 
added to the committee when special items are considered. The produc- 
tion manager should sit in on the discussion of production schedules.® 
The director of personnel often is a member of this committee, as is the 
plant engineer if plant changes are being considered. The representative 
of the sales department need not sit in on the meetings of this committee 
where matters are being considered that do not directly affect sales. 
Other members of this committee need not attend its meetings when 
special items in which they are not interested are the major factors for 
consideration. A copy of the minutes, however, should go to every mem- 
ber of the committee. The secretary should not only preserve informa- 
tion concerning actions taken but also should straighten out many dif- 
ficulties between meetings and have matters for the committee's attention 
in such shape that it will be possible to get them out of the way in mini- 
mum time at the meetings.® 

The work of the committee can usually include: 

1. Plans to change the product, including a consideration of new methods of design 
or new items to be marketed. The interplay of sales and production factors must be 
considered here. 

2. Progress that has been made on changes already begun. This is important, for 
otherwise it will be found that new ideas which have been decided upon and partially 
put into effect can be totally forgotten in the press of daily routine. 

® In fact, he is frequently a permanent member of the committee and often serves 
as its secretary. 

® See Paul E. Holden, Lotmsbury S. Fish, and Hubert L. Smith, Top^Management 
Organization and Control, Stanford University Press, Stanford University, 1941, pp. 
59-73, for an excellent discussion of the uses and limitations of the committee. Every 
executive who uses a committee should read this section of the book. 
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3. Consideration of methods of cost reduction. Reports by committee members 
upon economies, decided upon in previous meetings, and assigned to them to put into 
effect, might be included. In this connection, when work of a specific department is 
taken up, it is possible and advisable to have the foreman in charge of that depart- 
ment in the committee meeting, whether or not he is regularly a member of the 
committee. 

4. Coordination. A discussion of routine operation, the status of orders, causes of 
hold-ups, progress of manufacturing programs, and similar subjects. 

The number of meetings of this main committee or any other committee 
should be determined by the needs of the business. However, there prob- 
ably ^ould be at least one meeting a week. 

Foremen's meetings. It is desirable to have a general meeting of the 
foremen about once a month. It is necessary to guard against having 
one man at too many meetings, however, lest his time be taken up entirely 
with the discussion of what he is to do and what he has done, and he be 
not given the opportunity really to do anything. At this foremen’s meet- 
ing there should be present the foremen and assistant foremen, the mem- 
bers of the Plant Advisory Committee, including the superintendent, and, 
if possible, one of the higher officials of the company. 

At these meetings operation problems are the main basis of discussion. 
Employment and general labor matters are also important subjects. 
Frequently the labor policy of the enterprise can be so shaped at the fore- 
men’s meetings as to eliminate danger of labor troubles. 

If the departments in a concern are not too numerous, each foreman 
should make a statement concerning the status of his own department 
and a statement as to whether any other department is causing him or 
his men any difficulty of any kind.^® As the foremen know that they 
cannot deceive the other foremen, each of whom will naturally defend 
the work of his own department, such a system leads to the discovery 
of many causes of retarded production. The ensuing discussion leads to 
definite plans for the overcoming of these difficulties. 

In large manufacturing enterprises having a hundred or more foremen 
the meetings will probably have to be held on a divisional basis. Even 
in such plants it is profitable to have from four to eight evening meetings 
during the year attended by the entire group of foremen. These meetings 
may well be both educational and operational in nature. 

Organization charts. Organization charts portray the structure of the 
organization by indicating positions or departments and then showing the 
lines of supervision between them, as well as frequently stating definitely 
under each position or department the responsibilities attached to it. 

See C. W. Mason and Glen U. Cleeton, American Management Association, Per- 
sonnel, Vol. 15, No. 3, February, 1939, pp. 144-148, for an excellent discussion of the 
techniques of the conference method of conducting meetings. 
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Organization charts, like other diagrams, are not wholly satisfactory, 
inasmuch as many little details and interrelationships of live, operating 
organizations cannot be pictured properly on a chart. The most satis- 
factory way of studying modern organization development, however, is 
through the utilization of a typical organization chart. In studying such 
a chart it is well to remember that the titles given individuals or depart- 
ments in various enterprises vary with the whims of the organizer, even 
though the duties performed may be essentially similar. Figure 6.5 
indicates the organization of a relatively large enterprise, showing the 
various functional departments. It should be clearly understood that in 
small concerns, although the same functions may exist, many duties will 
have to be combined. The gigantic corporation, such as General Motors 
(Fig. 6.6), has a more complicated organization in the upper brackets 
than that illustrated in Fig. 6.5. This complexity is made necessary by 
the problems of coordinating the activities of the various divisions, each 
of which is a large enterprise by itself. 

It would be claiming too much to say that Fig. 6.5 is a typical organiza- 
tion chart, but it is illustrative of many organizations. In practice there 
are innumerable exceptions to the exact positions of various departments 
assigned in Fig. 6.5. Where product engineering is highly technical or 
the style element is of special importance, the product engineer often 
reports to the vice-president and general manager. It is not at all unusual 
to have a plant engineer reporting to the general superintendent or the 
director of manufacture. In such cases the power department and the 
maintenance department report to the plant engineer. Other exceptions 
will be pointed out in later discussions. 

An illustrative organization. All organizations have at the top the 
owner or owners of the business — an individual, partners, or a group of 
stockholders in a corporation. In studying organization it will be best 
to consider the most complex of these businesses and the one most typical 
of our present economic life, that is, a corporation owned by stockholders. 
In such a business the distinction between the corporate or ownership 
activities and the operating activities is ordinarily clear-cut. The stock- 
holders usually select, through their elected board of directors, a president 
v/ho is actively engaged in the direction of the corporate policy of the 
business (Fig. 6.5). The president supervises all the truly corporate 
activities of the business but ordinarily does not supervise the operating 
activities except in a relatively small organization. In carrying on his 
work, the president is assisted by duly selected officers having control of 
certain parts of the corporate work, such as the treasurer, in charge of 
company funds and financial policy, and the secretary, in charge of 
corporate records and stock transfer. The functions of the treasurer and 
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secretary should not be confused with somewhat similar ones incident to 
the daily operation of the business. In the type of organization being 
described, these latter functions would be controlled by executives report- 
ing to the president or general manager, who has charge of the operation 
of the business. In many smaller concerns there is no president, but 
instead a general manager who reports directly to the board of directors, 
or the president and general manager may be the same person. In such 
organizations the treasurer is in charge of the operating details of his 
division as well as the corporate work. Thus routine accounting and 
record worj^ would be under the control of the treasurer. It is usual to 
have the secretary of the company keep only the corporate records, 
regardless of the organization; in the small corporation, however, one 
person may be both secretary and treasurer. 

Divisions of an industrial enterprise. Under the president, general 
manager, or operating head of the enterprise, there is an immediate split 
into divisions of operation, functional in form. There is, for instance, 
the comptroller, who deals with all office, accounting, and record opera- 
tions; the manager, or director of manufacture, who has under his control 
all matters relating to plant operation and the manufacture of products; 
the director or manager of distribution,* who controls sales; and, in many 
modern organizations, the director of industrial relations, who deals with 
all matters concerning personnel. In this development of the main op- 
erating organization it will be noted that there are but a small number 
of main divisions, which means that only a few persons report directly 
to the chief executive. This is an essential of good organization. It gives 
the general manager an opportunity for real policy development, which 
he does not have if a large number of persons are reporting directly to 
him. 

A necessity which is often overlooked is that of sometimes creating 
special temporary divisions for carrying on some unusual work. Exam- 
ples can be found in the creation of a ^^new building^' division if a new 
structure is being erected for the business, this division having supervision 
over construction and movement into the new building; or in the creation 
of a ‘^government work” division when government contracts are held 
by the business. 

The comptroller’s division. The comptroller (or treasurer in the 
smaller organization) has under him certain staff heads, each control- 

The terms ‘^department” and “division” are frequently used interchangeably. 
When a distinction is made, “division” should represent the larger unit. For in- 
stance, either the manufacturing or sales division may have several departments. The 
word “division” is also used to represent a spatial or geographical unit of an organi- 
sation* « 
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ling the operation of one phase of the office work. These men are the 
office manager, in charge of the general office operation ; the credit man- 
ager, in charge of the granting of credits and the collection of accounts 
receivable; the chief accountant; and the chief statistician. A separate 
section is set up under the chief accountant to handle costs. (This is a 
particularly important phase of manufacturing accounting. The collec- 
tion of cost information is often regarded as a production function and 
may be placed in the hands of the planning department, under the pro- 
duction manager.) There must of necessity be some tie-up between the 
distribution division and the credit man under the comptroller. By plac- 
ing on the credit committee a representative of the sales department, 
such a tie-up can well be secured. 

A few organization specialists advocate having the comptroller report 
directly to the chairman of the board of directors, thus giving the board 
an independent check on operations. In such cases the comptroller will 
only have the accounting section under his supervision. This independ- 
ence of the comptroller has some merit in theory, but it is of questionable 
value from an organization standpoint. 

The sales division. The work of the director of distribution falls under 
several heads, each of which in large organizations is in charge of a 
competent executive. Thus there is the function of promotion, including 
advertising and the development of new markets, sales, and service after 
sales. The organization of the office of the director of distribution will 
be found to vary considerably with the selling problems involved in dif- 
ferent types of enterprises. Where advertising is the major factor in 
selling, as in tooth-paste industries, the advertising division may not be 
under sales promotion but instead may report as a special section to the 
director of distribution, also known as the sales manager. 

The personnel division. The work of the director of personnel has in- 
creased largely both in amount and in responsibility during the past 
twenty-five years. In its full development it has jurisdiction over all 
matters pertaining to the personnel of the organization, be that personnel 
in the comptroller's office, in the sales division, or in the manufactur- 
ing division. In a well-developed program the director of personnel 
(often called director of industrial relations) reports to a major executive, 
such as the president or executive vice-president or works manager. His 
position should be on the same level as that of the factory manager.^^ 
In a substantial number of cases, however, the director of personnel re- 
ports to the factory manager, since his division has quantitatively the 
largest amount of personnel work to do. This arrangement may be 

^2 See Holden, Fish, and Smith, op, ciL, pp. 38, 40, 4&-48. 
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satisfactory if all members of the organization understand the true func- 
tion of the personnel department, but frequently it handicaps the work 
of the department. From the standpoint of experience and qualifications 
the director of personnel in a medium-sized plant or larger should be in 
every respect as capable as the man in direct charge of manufacturing. 
See Fig. 40.1 for an illustration of the organization of the personnel de- 
partment of a large electric manufacturing organization. 

The manufacturing division. Immediately under the director of manu- 
facturing, or the “works manager, as he is frequently known, is the 
superintend^t (Fig. 6.5), who, with the aid of advisory committees, 
directly controls the operations of the foremen of the various depart- 
ments of the factory. The foremen are directly over the workmen, pos- 
sibly through job bosses, or assistant foremen, who may be in control of 
certain portions of their department. There is thus direct line control 
or authority from the director of manufacturing to the workman. It is 
the establishment of this authority which promotes discipline and allows 
for the quick and accurate working of the organization.^^ 

The staff portion of the manufacturing organization may be found 
partially under the direct supervision of the superintendent. The man- 
ufacturing division affords the best opportunity to observe the effect of 
the functional idea in the development of the staff portion of the “line- 
and staff^^ organization. First, the purchasing agent is in charge of the 
purchasing department. Under many of the older types of organization 
this position was ordinarily placed on an equal plane with that of the 
chief of manufacture. In modern organizations the purchasing agent is 
sometimes found in the same position. Making purchasing a main divi- 
sion of the business may result from consideration of the personal equa- 
tion, but it is generally due to the importance of purchasing in the par- 
ticular business. Such correlation with other departments as is necessary 
can be secured through placing the purchasing agent on one or more 
advisory committees and still leaving him under the control of the manu- 
facturing manager. The value of placing the purchasing agent under the 

The term “foreman^’ is used rather loosely in industry. One company uses the 
hierarchy of supervision as follows: superintendent (of a division or branch), assistant 
superintendent, general foreman, foreman, assistant foreman, section chief, group 
chief (the lowest level of supervision). Another company of equal size calls its lowest 
level of supervision ‘‘foreman.” The general foreman in the first company occupies 
about the same position as the superintendent in the second company. Other com- 
panies’ terms, such as “supervisor” and “job master,” designate their fo;*emen. A fore- 
man in one plant may be responsible for more men than a general superintendent in 
another plant. 

Compare Fig. 6.6, illustrating a complete organization, with Fig. 6.7, the Buick 
Motor Division of General Motors. 
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control of the director of manufacture lies in the correlation thereby 
secured of his functions with those of the production manager, inspector, 
and chief engineer. The work of each of these men is bound up closely 
with the operations of the purchasing agent. 

The chief engineer usually has charge of the design of the product, some 
or all of the equipment used in its manufacture, and related subjects. 
He is thus particularly qualified to sit on several of the important com- 
mittees and it is necessary that he should, since his work affects nearly 
all phases of the business. He is usually a member of the Manufacturing 
Advisory Committee, and frequently he may be found on the Plant 
Advisory Committee. It is ordinarily a mistake to make the engineering 
or design department a separate division of the business, reporting di- 
rectly to the general manager. This arrangement tends to lay too much 
emphasis on changes of design of product, with the result that both sales 
and production departments are hampered in their operation. However, 
there arc some businesses, such as clothing manufacture and the automo- 
bile industry, where the designer is of great importance, and in such cases 
the chief design engineer may well head a separate division reporting 
directly to the president or general manager. The production manager 
has charge of those features involved in aiding smooth flow of produc- 
tion.’® The chief inspector has charge of measuring and maintaining the 
quality of the product. 

Under the superintendent in the factory organization are found the 
departments which deal with particular functions of plant operation. 
The plant service manager has charge of the functions which primarily 
assist the other departments dealing with production to operate smoothly. 
In some organizations the purchasing department, stores department, 
finished-stock department, shipping department, and transportation de- 
partment report to the production manager (often called the manager 
of production control). This is a logical arrangement, since he is in the 
best position to issue orders to them. On the other hand, in such instances 
he is responsible for the operation of a substantial number of workmen, 
and this function calls for qualities somewhat different from those needed 
for planning and scheduling, which are the primary activities in most 
production-control departments. 

The planning department has complete jurisdiction over all the plan- 
ning functions handled by the foremen under a strictly military organ- 

The production manager in some organizations has charge of the standards and 
methods department, the tool department, the power department, and the mainte- 
nance group. To supervise these departments he must be an executive of high caliber, 
not just a clerical specialist. The exact location of these departments depends largely 
upon their relative importance and personalities. 
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ization, and in addition its development has caused the creation of certain 
new functions, as enumerated. The standards and methods department 
is interested in investigating and explaining how the work should be 
done, in order that the planning department may have a basis on which 
to plan, and the foreman on which to direct. It also provides the inspec- 
tors with a basis on which to check the work. The tool department 
insures that all tools of any kind that are necessary to production are 
ready at the time needed and in proper condition. Thus maintenance 
of tools is part of the work of the tool department rather than the main- 
tenance de^rtment. The power department has charge of the generation 
and transmission of power throughout the factory. The maintenance 
department is responsible for the maintenance of plant, machinery, and 
equipment and is the logical outgrowth and development of the “repair 
boss^’ under the original scheme of functionalized shop supervision. 

The functionalized inspection department under the chief inspector is 
the quality department of the manufacturing organization. It is espe- 
cially desirable to have different men working for quantity and quality. 
At the same time their work must be correlated. In industries in which 
the quality of the product is not of major importance, the inspection de- 
partment may report to the superintendent. 

The safety engineer has complete charge of all safety work in the fac- 
tory. His position is one of great importance. As a matter of fact, in 
hazardous manufacturing he may become a man of such importance as to 
be called director of safety and to be one of the men immediately under 
the general manager. 

The plant service manager has charge of the stores department, finished- 
stock department, traflSc department, shipping department, and plant- 
transportation department. In order to be able to control the planning 
elements of production, it is essential for the production manager to have 
close contact with the plant-service manager and the operation of the 
stores department. The work of the other departments under the plant- 
service manager is self-explanatory, except that it will be noted that follow- 
up of purchases shipped and of finished goods shipped is often left with 
this group rather than with the purchasing and sales departments, respec- 
tively. (See Fig. 6.7, the Buick Motor Company, for another arrange- 
ment of these functions.) 

Organization chart of the General Motors Corporation. Few organiza- 
tions indeed have taken the stockholders and the public more into their 
confidence than the General Motors Corporation, whose avowed policy is 
to make known in published form the principles and policies governing 
operation. Figure 6.6 illustrates their corporate organization and the re- 
lationship of the various Tlivisions to the central organization. For many 
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years one of the basic policies of the corporation has been ‘^decentralized 
responsibility with coordinated control.” In studying this organization 
chart the student should keep in mind the fact that each of the “operating 
divisions” is a mass-production unit within itself and bigger by far than 
most large-scale industries. Of necessity the organization of such an 
enterprise is more complex than that of a smaller business. For instance, 
the Car and Truck Division has an executive vice-president of the entire 
corporation in charge. Each of the main automobile companies has a 
general manager whose position, from the standpoint of the individual 
automobile plant, is equivalent to that of the president of an independent 
plant (Fig. 6.7). 

The organization chart of the Buick Motor Division. The Buick 
Motor Division organization chart (Fig. 6.7) should be analyzed in con- 
nection with the organization of the parent corporation. For instance, in 
the parent organization under the manufacturing vice-president there is 
a purchasing and salvage section, and the Buick Motor Division also has 
a purchasing agent. The purchasing section of the parent organization 
buys certain items that may be purchased more advantageously by the 
central organization, and the Buick purchasing agent purchases items that 
can best be purchased direct. The functions of both purchasing groups 
are large-scale. The chief engineer reports directly to the general man- 
ager, whereas the “general works engineer” and the “general master me- 
chanic” report to the assistant general manufacturing manager. 

United States Rubber Company. Figure 6.8 shows an interesting chart 
of the administrative organization of the United States Rubber Company. 
This chart is worthy of close study in connection with auxiliary depart- 
ments. 

Oliver Machinery Company. Figure 6.9 illustrates the organizational 
structure of a closely held corporation whose major officers are also mem- 
bers of the board of directors of the corporation and its controlling stock- 
holders. Although this enterprise is corporate in structure, it actually 
functions very much as a partnership might function, each ofiicer dis- 
charging the responsibilities for which he is best suited without regard 
to conventional relationships or individual factory departmentalization. 
It works because of a high degree of cooperation between the officers of 
the company. The president, a graduate engineer, is works manager for 
all three plants, and is in direct charge of Plant No. 1, supervises costs 
for Plant No. 1 and to some extent for Plant No. 2, and together with 
other officers supervises designing. The vice-president, also a graduate 
engineer, is manager of Plant No. 3, supervises the production schedule 

See Appendix A for an explanation of the General Motors organization chart. 
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Fig. 6.7. Organization chart of the Buick Motor Division of the General Motors Corporation. 
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Fig. 68. Organization chart of the United States Rubber Company. 
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and costs for Plant No. 3, and supervises experimental work and design- 
ing, particularly for Plant No. 3. 

The treasurer supervises financing, advertising, bookkeeping records, 
and purchasing for Plant No. 2. He is office manager for Plant No. 2 
and supervises all accounting work for the entire organization. Plant 
No. 2 is a foundry in which all castings for the firm are made and also 



Fig. 6.9. Organization chart of the Oliver Machinery Company. 


engages in jobbing work in heavy machinery castings and die casting for 
outside firms. This plant is operated as if it were a separate organization. 
The treasurer and the sales manager are comanagers for the general 
office, which is located in Plant No. 1. 

This organization, as has been stated, is built around the capacities of 
the respective major officers, president, vice-president, secretary, treas- 
urer, and sales manager. It is conceivable that difficulty might be en- 
countered in finding a man to take the place of any one of these officers, 
with the possible exception of the sales manager, should he suddenly be 
removed from active service by illness or death. As it is now constituted, 
this corporation has successfully weathered the storms of the depression 
and the war years, and it undoubtedly has the capacity to adjust its 
organization to the abilities of the men available when the present active 
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officers retire. Organization is not an end in itself but a means of achiev- 
ing the end. 

Companies without organization charts. Because they feel that or- 
ganization charts restrict the scope of activities of executives to too great 
an extent, some companies refuse to use them. It should be freely ad- 
mitted that the organization chart is merely a cross-sectional picture of 
the organization and may have to be changed often unless it merely gives 
the functional relationships and not the names of the persons discharging 
these functions. In most cases, however, it is well worth the thought and 
effort expended upon it. It necessitates management’s thinking through 
the structural relationships and the fixing of responsibility. It also serves 
as a valuable aid in introducing new men to the organization. The or- 
ganization chart loses its value unless it is kept up to date. 



CHAPTER 7 


ORGANIZATION, COORDINATION, AND MORALE 

Coordination. Coordination may be defined as the synchronizing of 
effort from the standpoint of time and the sequence of execution. It is 
the commencement in all managerial effort regardless of the particular 
organization structure. The demands made upon management to secure 
effective coordination vary with the type of organization structure used, 
the degree of indoctrwaization of the personnel in the organization's ob- 
jectives, procedures, and policies, the caliber of the supervisory personnel, 
and to some extent upon the age of the operating organization unit, to- 
gether with its traditions and customs. For instance, an old, well-estab- 
lished institution manned by persons who have been accustomed to work- 
ing together for years will require less direction from top management to 
secure the desired coordination than will a new endeavor using the same 
organization structure but lacking personnel experienced in working as a 
team. This does not mean that organization structure has no influence 
upon coordination. An organization that has no well-integrated produc- 
tion-control department may do a fair job of getting out production, but 
the time cycle for production will invariably be longer and the work in 
process will be larger. 

Many of the staff departments contribute materially to the coordina- 
tion of effort. For instance, if each department head hires his own men 
(as .was formerly the custom), one department may be laying off men at 
the same time that another department is hiring others with essentially 
the same qualifications. The industrial engineering department, through 
the authority of ideas, facilitates coordination, particularly in terms of 
methods, procedures, and balance in equipment or personnel. 

Morale. Morale is the prevailing attitude or state of mind of a group. 
It may vary all the way from the positive morale characterizing a group 
that has identified its interests with the objectives of the institution to 
the negative morale of the group that seriously questions ability or wil- 
lingness of the institution to consider the welfare or interests of the mem- 
bers of the group. The morale may be high in regard to some aspects, 
such as wages, and low in terms of feeling that the leadership is not im- 
partial in matters of promotion. 
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A morale-building organization tends to utilize fully the skill, initiative, 
judgment, and training of its members and through such utilization suc- 
ceeds in building up these and other qualities in everyone, so that the 
abilities of all constantly expand, and the organization thus is able to 
succeed and grow. All members of the organization are encouraged con- 
stantly to assume greater responsibilities, at the same time having due 
regard for the rights of others. Thus all executives become accustomed 
to think of the duties, responsibilities, and difficulties of their coworkers, 
with the usual result of coordinate action and growth in capacity of the 
individual. 

In morale-destroying organizations restriction of the individual is the 
keynote. The organizer has endeavored to impress his will on the daily 
actions and relationships of all members of the enterprise. Into such or- 
ganizations individuals enter filled with enthusiasm and a desire to make 
their tasks and themselves grow and, through them, the business. It is 
not long, however, before they become aware of the restrictions that have 
been imposed, and before they learn that the energy they are utilizing 
in the performance of their tasks is not noticed or is not appreciated. 
Although they endeavor to utilize some initiative in their daily operations, 
they find that they are hindered by lack of authority. They try to temper 
their decisions with judgment, but they find that their decisions are not 
accepted or are restricted by supervising judgments. 

In modern industry not only the executives but also the other workers 
must have an organization sense. ‘Tollowership^^ is as essential as leader- 
ship. Organizations cannot be built up through the executives only. 
Loyalty is one of the finest attributes of any member of an organization, 
but a management must deserve loyalty before it will receive it. 

Morale-destroying organizations are generally overorganized, although 
underorganization may also be morale-destroying. The very elements 
which promote morale destruction, if applied in proper quantities, build 
morale. 

Conditions that depress morale. The most important morale destroy- 
ers are: too fine division of authority or responsibilities, too many super- 
visors, improper selection of personnel for new or expanded duties, over- 
reliance on organization charts, and too few real executives. Any of these 
conditions is likely to arise in the course of building an organization, and 
their effect must be kept in mind constantly in considering the funda- 
mentals of organization and other factors which are likely to cause them 
to appear. 

Too fine division of authority or responsibilities. Too fine division of 
authority or responsibilities is likely to result if careful thought has not 
been given to differentiation between activities. The division of authority 
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and responsibility must not be carried to a point that will preclude original 
thinking by subexecutives. This does not mean necessarily that responsi- 
bilities may not be divided finely, nor that those entrusted with respon- 
sibilities may not receive the expert advice of others in particular phases 
of the work. It does mean that considerable initiative in the particular 
line in which he is engaged must be left to each executive, in order that 
he may take pride in the accomplishment of some definite phase of the 
work, however small. 

Effective leadership is half of an executive’s job. It cannot be expected 
to flourish where individual growth has been prevented. Good executives 
will not tolerate such restrictions and will seek other connections. Poor 
executives constantly become poorer, as they rely always on instructions 
from above. The final result is that confidence in the business is lost by 
those on whom its success largely depends, the subexecutives in direct 
charge of operations. 

Too many supervisors. Before the introduction of scientific manage- 
ment it was common practice to have line executives overloaded with a 
variety of duties. This led to the development of the functional super- 
visor with resultant increased efficiency in many instances. Many of the 
more able executives, who grasped the advantages of specialization of 
effort and were willing to adjust their organizations to use the new tech- 
niques, early pointed out the fact that there is very definite danger of 
allowing functions to be created merely because they seem to be different, 
and without an adequate check being provided to see that they are or can 
be made to be paying investments. There is a very real risk of developing 
a situation where “for everyone doing productive work there is another 
man standing over him to see that he does it.” 

Balance is needed in determining the number of supervisors required, 
as well as the number of workers to turn out a given volume of production. 

Improperly selected personnel. It is essential that mere seniority 
within the organization shall not be allowed to govern organization devel- 
opment. The education and the intelligence levels of the persons con- 
cerned must be considered. It is true that in large organizations some 
orderly arrangement of promotion with length of service as a factor must 
be worked out, or the effect will be the same as constantly bringing in 
new people for positions near the top of the organization; nevertheless 
seniority cannot be made the sole or even the most important basis of 
promotion. If it is seen that length of service clearly outweighs value of 
service in reassigning duties or filling vacancies, the direct effect will be 
a let-down of effort by those subexecutives on whom the success of the 
enterprise most depends — ^those near the bottom of the ladder. The dead- 
ening effect of the application of the seniority rule can be found in the 
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listlessness displayed by subexecutives and clerks in the offices of certain 
large railroad companies which base their promotion or organization- 
development policy solely on seniority. Thus it is clear that the manager, 
in building organizations, must consider his new or expanded duties in 
the light of two almost opposite reactions of his personnel: the aversion 
to the newcomer and the necessity for — but, at the same time, the im- 
possibility of — following the seniority principle. The effective organiza- 
tion is the one in which the tortuous channel around and between these 
conditions has been traveled with success. 

Misuse of organization charts. If the organization chart is looked upon 
as recording all the lines of supervision and all the responsibilities which 
have been placed, it will soon be found that its influence is too restricting. 
It tends to make the limitations on the duties of the various individuals 
too stringent and promotes the attitude that anything which does not per- 
tain to a particular department or section is no concern of the persons 
within that unit. Such an attitude prohibits analysis of the work of others 
and therefore eliminates the necessary coordination which follows a 
knowledge of the other man^s difficulties. Even if responsibilities are 
stated rather definitely under each main department or section, and atten- 
tion is called here to the main lines of coordination, the most important 
coordinating activities of good executives which they take upon them- 
selves in the daily conduct of their tasks cannot be shown adequately. 

Frequently, since the greatest ability of particular members cannot be 
depicted satisfactorily, the chart seems out of balance, so that the whole 
organization questions it. Leadership frequently is made effective through 
some person rather far down in the organization scale. Divisions or 
departments of the business may be built around the personal qualities 
and problem-solving abilities of this person. If the organization chart 
is looked upon as more than a guide, this man^s ability to lead and coordi- 
nate actually may be throttled. The free-lance assistant to the general 
manager, who can eliminate much friction before it gets started, has duties 
which it is most difficult to portray satisfactorily on a chart. 

These objections and inherent defects of organization charts do not 
indicate that the charts should be eliminated. Charts frequently may be 
made more workable if supplemented by standard-practice instructions, 
but of themselves charts can never be regulations for organization opera- 
tions. 

Too few real executives. A common characteristic of a morale-destroy- 
ing organization is reliance on too few real executives, that is, having as 
supervisors in most phases of the business the clerical type of individual, 
with a few real executives holding the guiding reins. Heads of divisions 
or sections should be real executives. They should be able not only to 
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control and supervise but also to inspire the men and women under them 
to better and greater activity. Men of real executive caliber are needed 
for effective operation. Organizations, like other structures, must be built 
to survive the maximum strain which may be placed upon them. In the 
ability and action of the executives throughout the organization lies the 
factor of safety. If provision has not been made for this factor of safety, 
the structure may collapse under the strain of unusual pressure. 

Morale-building organizations. An organization that builds morale is 
one that follows carefully the primary fundamentals of organization and 
has carefully developed the operating fundamentals of organization to 
implement thcin. To acquaint the personnel of an enterprise with its aims 
and objectives is a function of leadership. It is largely achieved through 
training. Development of responsibility within the definite lines of super- 
vision requires first tl?e laying down of such policies of supervision (a top 
planning assignment) and then proper delegation of responsibility (a 
leadership assignment) . 

Regard for the personal equation is primarily an attitude arising from 
the individual’s social background. It is an outgrowth of his respect for 
the dignity of the individual. The mere fact that a person desires recog- 
nition himself does not imply that he will grant it to others below him. 
Attitudes toward the recognition of the personal equation are formulated 
over a long period of time. Similarly, a long time is required to change 
them. Group conferences in which the chief executive sets forth the com- 
pany’s policies regarding men are helpful, but the day-to-day examples 
of the superior executives are more influential than theoretical discussions. 

A technically qualified work force, including supervisors as well as 
manual workers; constitutes a group that possesses confidence in its abil- 
ity to achieve the institution’s goals. A group of this type can be assem- 
bled only through careful selection and purposeful training. 

Proper organization structure will not assure the desired results, but it 
will produce an atmosphere in which these results are most likely to be 
attained. Many executives who are not organization-minded underesti- 
mate the effect of proper organization structure. They assume that the 
capable man will rise to the top in any event. Such is far from the case. 
A capable man who respects the rights of others may readily be passed by 
an unscrupulous clirfiber with less ability than the man who will not stoop 
to intrigue. 

Personal integrity on the part of the executive force, coupled with 
dynamic, inspirational leadership and a properly balanced organization 
structure, constitutes an ideal seldom completely realized but one worth 
constant effort to attain. Under such circumstances morale is certain to 
be high, discipline will be positive rather than negative, and the institution 
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will move slowly but resolutely toward its goal. The student should re- 
member that morale is a desired characteristic of all organizations, the 
church, government, army, department store, and fraternity, as well as an 
industry. 

Some executives are greatly surprised when they take over bodily a 
form of organization that has worked successfully in a similar enterprise 
and fail to get the same results. Such executives usually mistake the form 
for the substance and are unaware of the fact that successful organiza- 
tions are usually the result of slow, painstaking adjustments and growth, 
that custom and tradition are powerful factors not to be ignored in deal- 
ing with human relationships, and that an organization structure has to 
be adjusted to the capacities of the available personnel. A particular 
organization setup may well be a success if installed gradually, permitting 
persons to make needed adjustments without undue emotional strains, 
whereas the same organization will result in dismal failure if inaugurated 
too rapidly, particularly if forced from the top. Time for seasoning is as 
necessary in securing a smooth organization structure as in many other 
relationships. 

Clearly defined responsibilities. One of the primary fundamentals of 
organization is clearly defined responsibilities. A recognition of responsi- 
bility, with full knowledge on the part of the recipient that he has concur- 
rent authority, is a strong motivating force. It results in a high type of 
morale when authority and responsibility are properly balanced and gen- 
erally recognized throughout the organization. The proper division of 
authority and responsibility must avoid too fine a breakdown as pre- 
viously described under morale-destroying influences. This principle of 
fixed responsibility should extend down to the individual worker. The 
typical workman likes to feel that he has a responsibility in keeping with 
the work he does. 

When an individual worker, subexecutive, or executive undertakes to 
discharge the clearly defined responsibilities that are his, he usually de- 
velops a keen organization sense for the rights and duties of others. This 
recognition of interdependence within the organization fosters a spirit of 
cooperation, which characterizes a group possessing a high degree of 
morale. A lack of definite responsibility and authority to meet this re- 
sponsibility results in hesitancy and uncertainty, whereas a full knowl- 
edge of fixed responsibility and authority produces mutual confidence 
between members of an organization and a positive attitude toward the 
objectives of the enterprise. 

Although it is highly desirable to have organization procedure a mat- 
ter of record so long as they do not become inflexible, this becomes less 
necessary where responsibilities are definitely known. If the organization 
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has attained sufficient age to have undergone a thorough indoctrination 
with well-developed company policies, many of the procedures are auto- 
matically carried out as a matter of tradition or custom. Fixed responsi- 
bilities within an organization tend to develop men who are capable of 
assuming the burdens of these responsibilities and willing to do so. The 
fact that men are accustomed to stand on their own feet, operating of 
course within certain well-established practices, develops a group of minor 
executives who are capable of meeting unusual situations and emergencies. 
In such an organization the full utilization of the sound principle that de- 
cisions should be made at the lowest level within the organization where 
the facts ar^^available and competence exists to decide is encouraged. 
Fixed responsibilities within an organization promote maximum use of 
this frequently neglected principle. 

Adequate supervisory force. A well-supervised organization possesses 
one of the necessary prerequisites to achieving the major objectives. 
There is no tonic quite so stimulating to morale as attaining a well-known 
objective or task. Too many supervisors get in each othcr^s way and 
destroy morale. On the other hand, too few supervisors create unneces- 
sary delays which likewise destroy morale. The ideal situation is a mat- 
ter of delicate balance between too few and too many supervisors. The 
type of organization determines to a considerable extent the exact num- 
ber of supervisors required. The nature of the enterprise is also a deter- 
mining factor. An organization manufacturing a standard product on 
a mass-production basis will require a relatively smaller number of super- 
visors than one manufacturing a variety of unstandardized products. An 
overworked supervisory force is tempted to devote its attention to appar- 
ently more pressing needs, frequently overlooking the little details that 
mean so much to good morale. 

Unadjusted grievances tend to be magnified in a geometric ratio to the 
time elapsing. Although this rule does not hold with mathematical exact- 
ness, it is nevertheless generally true. Undoubtedly the most effective 
way to insure prompt adjustment of grievances, with resultant morale- 
building effects, is to have adequate supervisors well trained in the prin- 
ciples and practices of the company. 

Effective functionalization within an organization encourages morale 
building. This principle can be carried out only where adequate super- 
visory personnel is available. Skilled men in a given function bring to 
their work an assurance that provides the positive attitude so necessary 
to good morale within a group. Even in organizations having a strong 
central planning department, there still remain much analysis and plan- 
ning for the individual supervisors. In general, these functions will be 
ca^ied out thoroughly and competently only when daily tasks are not so 
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pressing that they leave no time for anything else. It takes time to plan 
for the organization as a whole, and it also takes time for the individual 
to plan and analyze his work. This is just as true of functional super- 
visors as of general supervisors. 

Proper selection and promotion of personnel. One of the positive con- 
tributions of functionalization in management has been the development 
of the personnel department. This department is charged primarily with 
the responsibility of properly selecting personnel and to a lesser degree 
with promotions within the organization. Men who are well equipped by 
natural abilities and acquired skills to do a given task will usually find 
satisfaction in its performance. A group of men who get personal satis- 
faction out of their work will usually be a happy group. Another factor 
that goes a long distance in adjusting men to their work is proper intro- 
duction to the job. 

A carefully organized promotion policy does much to encourage organi- 
zation pride and morale. Most enterprises claim to have a definite pro- 
gram for promoting qualified men from within the organization. Few of 
them, however, have a specific program and adequate records to make 
such a program a reality. A thorough-going program requires long-range 
planning of a high type. It pays well in the long run, but it also involves 
costs in the short run. It is seldom that a man is found within an or- 
ganization who fits the exact requirements of a position offering promo- 
tional possibilities, particularly if this position is a newly created one, 
unless a definite program has been in operation to prepare men for promo- 
tion. The easy method is to go outside to find a man for the opening. 
Such a procedure tends to discourage the men within the organization who 
are ambitious to advance. This does not mean, of course, that men should 
never be brought in from the outside, because there is the danger of in- 
breeding. Moreover, a new viewpoint is frequently stimulating. An oc- 
casional new man will also serve as notice to men within the organization 
that they must qualify if they expect to be promoted. 

A well-known Chicago manufacturing company with branches through- 
out the world became keenly conscious of the depressing effect of its slow 
promotional opportunities in the summer of 1938. It was faced with 
further curtailment of activities, which meant stepping back some of its 
minor executive groups if previous practice was followed. This company 
has a long and successful record of enlightened personnel activities. Many 
of its major executives had reached the age where they were eligible for 
retirement, although several of them were still active and not particularly 
anxious to retire. Pressure was exerted to cause several of them to give 
way to younger men, thus making possible a series of chain promotions 
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which relieved considerably the pressure all the way along the line with 
a very salutary effect on morale. 

At times it becomes advisable in an enterprise that has a relatively 
slow growth to promote men out of the organization. This does not mean 
that the business discharges men, but rather that the management learns 
of openings for them in other organizations. Worthy men who have no 
prospects of promotion within the organization in a reasonable length of 
time are told of these outside opportunities and aided in making necessary 
contacts. Such a movement on the part of management soon becomes 
generally known within the group, and the feeling that merit is rewarded 
promotes con^iany morale. 

Dynamic leadership. Men like to be led by a strong leader. Sound 
policies and organizational procedures inaugurated by a feeble, colorless 
leader may be recognised, but they are immeasurably less effective than 
when vitalized by the intangible factor of a strong personality. This 
item is particularly important to subexecutives who come in direct contact 
with the working force as a whole. The purely intellectual leader may 
succeed at the top if he selects wisely the lieutenants who do his contact 
work for him. The dynamic leader has confidence in himself and the 
capacity to inspire confidence in others. He knows what he wants and 
goes after it. He has a definite program for himself and his organization. 
He knows his own job and expects his subordinates to know theirs. He 
willingly delegates responsibility and authority and is exacting in de- 
manding performance. He possesses vision and a constructive imagina- 
tion. Such a leader is loyal to his associates and commands loyalty in 
return. All these characteristics are seldom found in one man. It is rare 
indeed that many such men are found in a given organization. Unfor- 
tunately many leaders possessing dynamic characteristics temperamen- 
tally dislike details. The organization specialist is constantly faced with 
the problem of compromise in selecting his personnel. Special selection 
and training are valuable aids in building an organization manned by 
strong personalities that are accustomed to giving adequate attention to 
necessary details. The principle of balance is needed in developing dy- 
namic leaders, as well as in all other management relationships. 

Authority. The proper allocation and use of authority have much to 
do with the morale of a group. The allocation of authority is primarily 
a responsibility of top management, functioning through the organization 
structure. The use of authority is somewhat influenced by the chain of 
command but primarily by the personal attitude of the individual exer- 
cising the authority. For instance, in a five-man chain of command from 
the chairman of the board of directors to the work level the ideals of the 
organization may definitely fix authority and responsibility and have as 
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a slogan concerning authority, ^^Use it sparingly; display it never.” 
Nevertheless in this organization the third man from the top may give 
only lip service to the ideals and in fact may display his authority all 
too often. He is likely to be a man who has considerable capacity but 
who suffers from a feeling of insecurity. 

In order to see that authority is properly used, top management must 
have other checks. The personnel department, the industrial engineering 
department, the inspection department, and the accounting department 
provide some of these checks. 

Authority is a right that inheres in an individual, department, or or- 
ganization to decide and to '^command” when commanding becomes neces- 
sary to discharge the responsibility accompanying authority. It should 
be recalled that to command does not imply to order without regard to 
the rights and dignity of the recipient of the order. A request made by 
a person in a position of authority and responsibility is the customary 
method of giving orders. In military drill and during an emergency, of 
course, a direct command may be used. The time and circumstance 
greatly influence the exact method employed in a particular instance. 

Consultive supervision. Consultive supervision is the most effective 
method of exercising authority in business. It may also be used advan- 
tageously in other types of organization. Consultive supervision implies 
that those supervised are asked to give their opinions regarding the best 
method of getting a particular task done. Such a procedure brings col- 
lective concentration and effort to bear upon a given solution rather than 
the ability and thought of one person. It definitely raises morale and is 
an excellent technique for getting things done. The foreman who prac- 
tices consultive supervision will find that detailed follow-up is not so 
necessary as when orders alone are used. 

What supervisors think of morale factors. A few years ago the 
author was privileged to conduct a series of conferences with plant execu- 
tives of a large automobile company in connection with their executive- 
training program. Approximately three hundred men ranging in execu- 
tive rank from plant managers down to assistant foremen participated 
in these conferences. Each conference consisted of a group not exceeding 
twenty men. The tabulations given below illustrate the reactions of prac- 
tical men to the influence of plant morale. 

I. Plant morale is the state of mind of a group based on: 

1. Loyalty. 

2. Cooperation. 

.3. The ^Vill to do.” 

a. Interest. 

b. Energy. 

c. Initiative. 
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11. The following items must be avoided if a high type of morale is to be main- 
tained : 

1. Favoritism toward individuals (nepotism is particularly bad). 

2. Preference to certain groups because of religious, fraternal, or other 
affiliations. 

3. Display of anger by supervisors. 

4. Hasty and unwise decisions. 

5. Wage discriminations. 

6. Lack of punctuality. 

7. Untidiness in the shop. 

8. Agitation and the spreading of rumors. 

9. Misfits or unfits, who are frequently problem employees. 

10. C^j^lessness. 

11. Unfulfilled promises. 

12. Jealousy. 

13. Dishonesty. 

14. Manifestatio* of prejudice. 

15 Hasty or unfair discharges. 

16. Belittling of management's policies by a subexecutive. 

17. Paternalism. 

18. Too many bosses. 

19. Too much display of authority. 

20. Poorly maintained equipment. 

III. The following items must be considered in maintaining a high type of morale ; 

1. Square dealing with men. 

2. Setting a good example. (Do not ask others to do things you would not 
want to do yourself.) 

3. Recognizing ability in others and giving credit where credit is due. 

4. Encouraging the discouraged. (Show a personal interest in your men 
and their problems.) 

5. Planning the work of the department. (If possible, maintain a steady 
flow of work.) 

6. Keeping tools and equipment in good working condition. 

7. Encouraging suggestions from others. 

8. Maintaining safe working conditions. 

9. Giving attention to good housekeeping practices. 

10. Having a well-understood and definite program for promotion. 

11. Encouraging loyalty by being loyal to others. 

12. Encouraging cooperation by creatii^ conditions that are conducive to it. 

13. Maintaining an equitable wage program. 

14. Maintaining discipline. 

15. Issuing clear and adequate instructions. 

16. Keeping all promises. (If conditions should change so that a promise 
cannot be kept, explain the situation at once.) 

17. Avoiding overlapping of resp6nsibilities. 

18 Providing strong leadership. (Men like to follow a man who knowJ^ 
where he is going.) 

A perusal of these positive and negative factors may show some dupli- 
cation in minor details. These executives were not particularly trained in 
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the art of expression for publication. They clearly recognized the im- 
portance of morale in successful management and spoke out of their many 
years of experience concerning items that they had observed to destroy 
morale. They were equally convinced, even though somewhat idealistic, 
regarding factors that produce a cooperative organization with a “will 
to do.” 



CHAPTER 8 


PRODUCT DEVELOPMENT AND RESEARCH 

The need for research. Any business of substantial size operating in 
a competitive market is faced with two types of situations demanding 
technical research: (1) the need to solve problems arising in connection 
with current operations, and (2) the need to devise new products, to im- 
prove the present product, or to find new uses for the present product or 
a new one. Regardless of how smoothly an industry may be operating 
at a given time, new problems arise that require research to overcome. In 
a competitive economy new products or improvements in an old product 
become a necessity to keep abreast of the parade. Some small enterprises 
in their early stages may not be in a financial position to engage in elabo- 
rate research activities. As they become well established, however, they 
can no longer afford to follow the leadership of others but must be in a 
position to hold their own in the competitive race. Most companies grow 
slowly and enter research as a part of that growth. This statement, of 
course, would not be true of a new undertaking sponsored by a large or- 
ganization, such as the General Motors Corporation or the E. I. du Pont 
de Nemours & Co., Inc., which has at times conducted exhaustive re- 
searches in its main laboratories and then built complete plants with the 
last word in technical equipment to exploit the findings of its researches. 

Historical background of product design and research. Since the turn 
of the century such rapid progress has been made in product development 
and research that we are likely to underestimate the contributions of the 
past. A critical evaluation with full appreciation of past achievements, 
in the light of the limited techniques and equipment previously available, 
should inspire rather than discourage the present investigator. 

Before the discovery of America the natives of Guatemala were using 
fast vegetable dyes. The early Egyptians processed copper in a manner 
which has been claimed to defy duplication even today. Early histories 
of China report the use of gunpowder. Five thousand years ago the Mon- 
golians were using tea leaves to treat burn trauma; in 1925 the Henry 
Ford Hospital of Detroit announced the modern counterpart of this rem- 
edy — ^the tannic acid treatment for burns. Modern scientists are striving 
to unlock the past. The Rockefeller Institute has sent an expedition into 
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the jungles of Brazil to study the herb treatments used there, hoping to 
discover in them valuable principles which are unknown to the rest of 
the world today. 

Many of the materials of nature are not so satisfactory as man would 
have them be; they are heavy when he would prefer them light, soft when 
he wants them hard, and solid when they should be liquid. The more 
exact scientific methods of the nineteenth century freed man from many 
of these handicaps. Schoenbein nitrated cotton and obtained nitrocel- 
lulose, which Hyatt discovered how to plasticize into a pliable product. 
Du-Chardonnet completed this nitrocellulose cycle by spinning the first 
filament.^ Despite the fact that we think of rayon as a modern product, 
its early beginnings appeared in the middle of the last century. Today 
American chemical research in rubber and synthetic fabrics ranks second 
to none in the world, as does our medical research. World War II pro- 
duced synthetic rubber on a commercial scale and unlocked the secret of 
atomic energy. We have long led the field in mechanical research and 
development. Future developments in chemistry and atomic energy chal- 
lenge one^s imagination. 

Conflicting interests in product design. The sales division tends to 
work towards diversity, whereas the production group strives for stand- 
ardization. The factors encouraging diversity include: 

1. The necessity of meeting the needs, desires, and purchasing capacities of various 
consumers. 

2. The gain in sales appeal through product changes, so that the merchandise ap- 
pears to be up to date. 

3. The need to meet price competition by changing construction of the product 
in minor details so that the price may be slightly reduced. 

4. The necessity of meeting several competitors^ products of varying design or vary- 
ing materials. 

5. The limitations imposed by process or design patents of the particular company 
or its competitors. 

6. The desirability of developing several competing but dissimilar lines to enlarge 
the number of retail outlets. 

7. The continued development of technical processes and equipment and adjust- 
ments to take advantage of the possibilities of these developments. 

The design engineer who can devise means of creating diverse-appearing 
products from standard materials and processes is usually the leader in 
his field. The managerial factors which exert an influence toward stand- 
ardization include: 

1 Much of the material in this paragraph is adapted from a speech delivered by 
Paul F. Ziegler, research director of Bauer and Black, Chicago, Illinois, before the Chi- 
cago chapter of the Society for the Advancement of* Management. 
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1. Lower investment in plant, equipment, materials, and finished inventory. 

2. Resultant price reductions, so that the market for the product is enlarged. 

3. Interchangeability of parts if product is mechanical. 

4. Possibility of development of automatic equipment or standardized chemical or 
mechanical controls. 

Economic considerations. Before deciding to undertake a research 
project or to exploit the results of research already accomplished, it is 
necessary to analyze the economic implications. Investment in machinery 
and equipment must be gauged by the immediate savings which will be 
made, by the necessity of reducing production costs to meet competition, 
by the likeShood of new processes being developed to replace the equip- 
ment whose purchase is being contemplated, by the life of the equipment, 
by the condition and manufacturing possibilities of the equipment already 
owned or competitive equipment which may be purchased, and by the 
prospective length of life of the design of product on which the contem- 
plated new equipment will be used. 

Research and analysis inform the factory owner that he can improve 
his product or cheapen its price by improving his production facilities, 
but in times of depression he knows that he must maintain his balance 
sheet in the most liquid condition possible, that he must scrape along with 
the old-style machine or the old-style process a little longer, no matter 
how dissatisfied with it he may be. Large aggregations of capital secure 
their greatest relative advantages in periods of depression. Enterprises in 
a strong financial position do not lay off their research workers and do 
not stop process development; they keep at work, bide their time, and, 
when conditions improve, produce commodities that are demanded by the 
consumer. Their competitors then attempt to follow, and those who are 
unable to do so because of financial or patent reasons are soon out of the 
race. 

Different kinds of research. Research may be defined as the search 
after new information by the experimental method. Pure research seeks 
truth for its own sake without regard to its utility, whereas applied re- 
search seeks to solve specific problems with consumer utility as a direct 
incentive. Some authors have used the terms “extensive” or “fundamen- 
tal” research to refer to pure research and “intensive” research to denote 
the effort to solve si)ecific industrial problems. Intensive research strives 
to enlarge our knowledge about existing thihgs or things that might well 
be, so as to enable us to improve them or reduce their cost, or both, as well 
as to create a new utility or service. Extensive research seeks to extend 
the frontiers of knowledge for its own sake. Both types of research have 
a place in our social structure, and neither can truthfully claim any su- 
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perior status over the other. Industry and commerce are primarily inter- 
ested in research in the economic and social sciences and in materials, 
equipment, and processes. Industrial management concerns itself largely 
with research in materials, equipment, processes, and the product manu- 
factured. An industry which neglects research will survive foreign com- 
petition for a time only by cowering behind tariff walls. Industry is 
primarily engaged in intensive research; extensive fundamental research, 
however, serves as a stimulus to more effective intensive research. 

Organization for product design and research. Many phases of design 
and research require painstaking preparation and exhaustive investiga- 
tion. Active participation in production routine is not conducive to this 
type of work. It will often be neglected entirely unless a particular execu- 
tive has a special personal liking for it, and in this case production not 
infrequently suffers from lack of attention. It is doubtful if there is any 
phase of organization where specialization gives greater returns than in 
the field of design and research. Creative work of any type requires time. 

The mistake is often made of laying the major emphasis on buildings 
and equipment, but in reality the buildings and equipment may be meager 
for most research, provided that the state of mind is right and time is 
available to pursue the inquiries. The essential factors that foster re- 
search and product development are time to pursue the investigations, an 
inquiring state of mind supported by sufficient effective training or ex- 
perience in systematic investigation, and the facilities necessary to carry 
on the research. 

The product engineer should occupy a position of trust and responsi- 
bility in the organization. In many of the larger enterprises he is a vice- 
president on an equal status with the sales manager and the factory man- 
ager. The research division may be a section of product engineering; 
product engineering may be a division of research; or the two may be 
entirely separated. Where the two are joined in the same organization, 
there is more likelihood of a closer tie-in with actual production problems. 
If research is really to function, it must be allowed to work on its primary 
objective and not have its efforts expended on tasks that belong to the 
producing departments or inspection. It is always a temptation, particu- 
larly in highly technical processes, to call upon the research or develop- 
ment department when production encounters difficulty. Regardless of 
the position in the organizational structure of the product engineer, if be 
is to be effective he must work closely with the production, purchasing, 
and sales departments. 

Figures 8.1 and 8.2 illustrate the organizational structure of xesearch 
departments, depending upon the number of men in each. In Fig. 8 I the 
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department is composed of ten technical men. Groups 6, 7, and 8 are 
primarily concerned with products service and report to the director, 
since he is presumed to have a primary interest in the quality of the 
products. Groups 1 to 5, working under the assistant director, will 
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Courtesy, Industrial Research Institute, New York 
Fig. 8.1. Organization of a research department having ten technical men. 
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handle both process development and pure research, with primary em- 
phasis on process development. Patents in such an organization are 
usually handled by the director in consultation with outside attorneys. 
Figure 8.2 illustrates an organization having one hundred technical men, 
hence the higher degree of specialization. In a research organization 
there is frequently a nontechnical helper or other clerical aid for each 
technical person. 
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Fundamental considerations in product design and development. The 

persons charged with the responsibility of product design must bear con- 
stantly in mind certain basic fundamentals, or their efforts may not be 
most efficiently directed. A few of these considerations may be stated 
as follows: 

1. The desire of the consumer for utility, quality, style, and color within a given 
price range must never be ignored. 

2. The cost of product development must be kept within the capacity of the busi- 
ness enterprise to pay. 

3. Due regard must be given to the effect of introducing the new product upon the 
rest of the company’s products, both from a selling and a manufacturing point of 
view. 

4. There is need for coordinating the various departments interested in design, such 
as the methods department, the manufacturing division, the purchasing department, 
the sales department, and last but not least the finance division. 

The consumer desires. The major objective of a business enterprise is 
the satisfaction of consumer wants in order to realize a profit on opera-’ 
tions. Since production is largely in anticipation of demand, it is neces- 
sary to anticipate the consumers’ desires in marketing a new product or 
an improved one. The consumer wants not only style and color but also 
utility. A vital factor from the standpoint of consumer utility is ease 
of maintenance. The product engineer should strive for accessibility for 
maintenance and keep in mind that the product will be repaired in the 
field where facilities are not the same as in the producing plant. Low 
maintenance cost provides a strong selling point. 

Some enterprises have sought to find out from the consumers them- 
selves what they want in a product. Mr. Weaver of the General Motors 
Corporation has developed an interesting technique for this purpose. He 
sends out thousands of attractive booklets that show current and possible 
designs, colors, upholstering materials, improvements, and other features. 
These are conveniently arranged so that the recipient may easily check 
his preference and insert the booklet in a return envelope. From these 
replies the corporation can measure with a high degree of accuracy what 
the consumer wants. There are special market-research corporations 
that will undertake a consumer study for a fee. They may use a ques- 
tionnaire or send out representatives to interview a representative sample- 
of customers. 

Costs of research and development. The development engineer seldom 
can estimate accurately the cost of a given program at the time of his 
initial request for funds. If it is a simple program and he knows exactly 
what has to be done, his cost estimate will be fairly close. Such cases 
are rare in real development of a new product or process. Usually there 
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are so many unknowns that about all that can be done is to give an 
enlightened estimate of expenditures to be made within a given time. 
Just how far the project will be advanced within this period of time it is 
difficult to predict. The sound procedure is to budget developmental and 
research costs and to keep an accurate record of all expenditures for each 
project. Such a program will tend to keep costs in a balanced relation- 
ship to each other and prevent all available funds from being spent for 
one purpose when other problems also demand attention. 

The question of what percentage of profits or of sales should be spent 
in research is frequently raised. The answer is sometimes estimated to 
be ten per^ilt of profits or two per cent of sales. Naturally such esti- 
mates are in no sense final. When a particular company is faced with a 
number of problems needing solution, the budget for research may readily 
be in excess of the estimated two per cent of sales, provided of course 
that the financial situation is such that funds are available. Research is 
both an insurance against unexpected developments and a speculation in 
possibilities of future business. It is difficult to predict where the insur- 
ance aspects cease and speculation begins.^ 

Coordination of various interests. If a new product will compete 
directly with a product now in the line, management will have to decide 
in advance just what policy to pursue. Should the product be marketed 
by the same sales group or have a different sales organization, such as is 
used by General Motors in marketing the Oldsmobile and Buick auto- 
mobiles? Will the present manufacturing facilities be adequate for the 
old products as well as the new? If the new product is the same in type 
but different in quality from the regular line, what effect will producing 
the new one have upon the production of the old line? Will the new 
product tend to lower or to raise the quality of workmanship on the old 
one if both are to be produced by the same workmen? These and other 
similar questions must l|e answered by management in advance of pro- 
duction if unfortunate results are to be avoided. 

The logical method of resolving the various conflicts of interest is to 
have all interested divisions a party to the final decision. As a matter 
of fact, the design engineer may well consult the methods department 
and the manufacturing division as he progresses. Such coordination may 
easily result in modifications of design that do not interfere with the basic 
operation of the product yet make possible the use of present equipment, 
thus avoiding unnecessary expenditures for new equipment or later 
changes in design. By working closely with the sales department, the 

2 See Industrial Research Institute, Organization of Technical Research in Industry 
4 Monograph, New York, 1945, p. 6. 
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design engineer will have the benefit of practical customer reaction as 
well as the enthusiastic support of the sales group in marketing a product 
for the design of which they feel some responsibility. The purchasing 
department may render valuable suggestions regarding economies in buy- 
ing certain materials or parts that may be specified especially in terms 
of standards and dimensions that are used in the trade. 

Procedure in research and product design. The original request or 
initiative for a given product design or a research project may come from 
a customer, the sales department, an officer of the company, or the major 
executives as a group, or as the logical result of evolutionary product 
development originating in the problems facing the business. The re- 
quired development or research may arise from the company's purchase 
of an invention or partially completed research. More commonly the 
work arises out of internal progress. The management of an automobile 
industry, for instance, may decide that it desires to produce a car that 
will sell in the $900 class. This, then, will become the first controlling 
factor. There being a fair relationship between selling price and weight 
of a car, the approximate over-all weight may be settled in advance. 
The next decision may well be wheel base, concerning which the sales 
department may agree merely to meet current competition ; in this event 
the over-all dimensions are already established by the trade. Since there 
are many specialized parts in an automobile, the chief product engineer 
would then assign to each special group its particular task and give each 
group approximate requirements concerning weight for each unit and cost 
limits. Some of these special unite are the frame, lubrication of chassis, 
the engine proper with a subdivision of ignition, clutch, and transmission, 
spring suspension, wheels and tires, and body. Each of these major 
heads may have several subdivisions; the body, for example, will have 
at least body contour, paint, trim or upholstering, and body hardware. 
Since practically all cars give satisfactory performance, the actual me- 
chanical working parts are fairly well standardized, and established 
practice may be followed with minor improvements that may reduce 
costs or increase efficiency. The general appearance of the car will 
greatly influence its popularity with the buying public ; hence the design 
of the body proper, cowling, and radiator must receive special attention 
for style appeal. A specialist may work on the rear, another on the side 
view, another on the windshield, another on the hood and cowling, and 
still another on the radiator. The composite efforts of these specialists 
may then be put together into one drawing to give the general picture 
of the projected product, which may have to be modified if the various 
parte do not harmonize. Another approach is to have an artist sketch 
the completed design, make changes until it meets the approval of the 
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major executives, and then assign to each specialist his segment of work 
to harmonize with the artist’s approved design.® A temporary wooden 
or plastic model will then be made, painted, and possibly upholstered to 
serve as a complete model. This may be changed until it receives final 





Courtesy, Fisher Body Corporation, a Division 
of the General Motors Corporation 

Fig. 8.3, A full-sized blackboard drawing, and an engineer determining the body 
construction for a new model. 

approval; the dimensions of the approved model are then transferred to 
an aluminum sheet to avoid distortion arising from temperature changes 
in the room. From this metal sheet, body dies will be built and actual 
production will later be run. Figure 8.3 shows body engineers at work. 
Any major mechanical changes that have not been previously tested on 
the road will receive exhaustive road tests before the new car is marketed. 

* Working from an artist’s conception has become increasingly popular in recent 
years. 
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On receiving a request for research or upon conceiving a project, the 
first step might be called a ^^ibrary exploration^^ to find out what has 
already been accomplished in the field. This exploration, which includes 
a search of the company's own files and any published data in the field, 
is followed by outlining the procedure in the light of the information 
discovered. In a large or small development or research project at least 
two types of procedures may be used. One is to assign the entire project 
to one man to follow through. He is free to call upon other specialists 
for help and advice wherever needed. The other is for the director or a 
committee to retain active control over the project and to assign segments 
of it to specialists, each specialist working on his phase of the work, 
sometimes without a full appreciation of the major objective of the 
entire effort. In either case there may be departmental meetings from 
time to time to discuss the respective projects and thus acquaint the 
various persons with the work of the others and to get the collective 
thinking of the group focused upon a given project. 

Some rare geniuses may violate all organizational principles and yet 
achieve outstanding results. This will probably always be the situation; 
however, modern industrial research has become a cooperative effort 
involving many workmen and a variety of technical specialists. With 
the increase in the number of persons actively engaged in research in 
many industrial enterprises has come the necessity for established pro- 
cedures and the delegation of responsibilities. The director of a large 
research department like the proposed General Motors Research Labora- 
tories (Fig. 8.4) must combine an inquiring mind and technical training 
with high executive ability. Such a large central research unit con- 
ducts three different types of activities for the corporation as a whole 
and the respective operating divisions: (1) pure or applied research initi- 
ated by the research unit; (2) ‘^library research” for the respective divi- 
sions, since the central research units have a comprehensive library and 
records of most of the research of the other divisions; and (3) special 
research activities that any of the operating units thinks can be more 
effectively pursued by the central staff than by the division research staff. 
The director of a research staff must be able to recognize questions need- 
ing answers and problems awaiting solution and have the capacity to 
select the most urgent ones at a given time and to delegate each problem 
or parts thereof to the person best equipped to handle it. 

Contributions of the product-design and research departments to 
other departments.^ The product-design and research departments may 
reasonably be expected to render certain special services to the other 
departments in the organization from time to time, especially to the sales 

^ Adapted from the speech by Paul F. Ziegler, op. cit., pp. 6-9. 
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department, manufacturing department, and the top management or 
administrative officers. 

1, Sales department. The product-design and research divisions^ first 
responsibility to the sales department concerns the existing products. 
They must keep the products which the sales department is selling at 
the top of the list of competing products within the given price range. 
In the automobile-tire industry the research laboratories are constantly 
making complete detailed chemical and structural analyses of competi- 



Courtesy, General Motors Corporation 
Fig. 8.4. Proposed General Motors research laboratories, Detroit. 


tors^ products. The research and design divisions must not be caught 
napping by competition. 

A sales department has a right to expect from its product-research 
and design divisions a reasonably constant flow of new products within 
the field of their operation. A reservoir of possibilities should be avail- 
able for addition to the line as they may be needed. These possibilities 
should be well beyond the laboratory stage and should have had some 
initial field tests, which may be conducted under the direction of the 
research and design departments. Conversely, it is the responsibility 
of these same departments to filter out from sales consideration allegedly 
new and useful products which have no scientific merit. 

A third responsibility arises in connection with the interpretation of 
technical data and results so that they may be used to the best advantage 
by the sales department. Such technical helps increase materially the 
effectiveness of sales effort. The advertising function can be more intel- 
ligently carried out by a close tie-in with a sympathetic scientific group. 
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This relationship implies a reciprocal responsibility, mutual respect, and 
intelligent cooperation. 

2. The manufacturing department. Not infrequently in highly techni- 
cal operations troubles arise which defy interpretation and thereby defy 
correction — troubles related to chemistry, physics, and engineering, which 
can be interpreted only in the light of a knowledge of these subjects. 
In connection with these problems the research staff may render a valu- 
able service. 

Another service that the research group may render to the producing 
group is control over certain highly technical processes. Most of the 
production control in a manufacturing unit does not require the technique 
of a research department. On the other hand, certain operations in many 
industries require close supervision by somebody with research training 
in order to maintain the desired quality. This is especially true of the 
manufacture of pharmaceutical products and to a lesser degree of certain 
phases of rubber manufacture and of the steel industry. The regular 
inspection department deals with quality maintenance in general, and 
the research department has no part in this function. 

A third contribution of the research department to the manufacturing 
division is intensive investigation for the improvement of processes. This 
function in no way replaces the work of the mechanical department 
charged with methods improvements but rather supplements their efforts, 
particularly in those phases of the process involving chemistry and 
physics. 

3. Management. In all probability the most outstanding contribution 
of research to management is the detection of incipient changes that 
become indicated by the discovery of new facts and new intermediates, 
either within or without the given enterprise or industry, because it is 
within the realm of possibility today for a business to be ruined over- 
night by such scientific discoveries. The multitude of scientific discov- 
eries that are emanating from the many university, industrial, and public 
laboratories challenge research ingenuity to evaluate them in terms of 
the organization's products. The newer scientific equipment also falls 
within this field, as is evident in the adaptation of the principles of radio 
to the determination of noises in automobile transmissions and the use 
of X-rays in detecting defective castings. 

Whenever scientific meetings are held, reports indicate latent possibili- 
ties of new industrial products or processes. It usually requires the 
applied research worker to detect new-product possibilities in these 
embryonic stages. Management may reasonably expect this type of 
service from its research department. 
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A third responsibility of the product-design and research departments 
to management lies in the field of patents. Although the actual patent 
litigation is handled by the legal staff, much of the original data used by 
the legal division must be provided by someone else. Research and prod- 
uct design result in patents. The laying of a firm foundation for a patent 
policy goes all the way back to the laboratory notebooks and the records 
of the product-design department, where intelligent and adequate nota- 
tions should be made and samples and models developed and carefully 
filed away. The writing of patent specifications is a cooperative task be- 
tween the research or product-design representative and the patent attor- 
ney. In su^pquent litigation the success of the firm often depends upon 
adequate records which were properly kept and dated during the period 
of development and research. 
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SIMPLIFICATION AND STANDARDIZATION OF 
PRODUCT AND MATERIALS 

Standardization of Product 

From a production standpoint every organization should prefer to 
manufacture only one of each type of product in its line. Such a program, 
although utopian from the standpoint of the factory manager, is impos- 
sible in all but a favored few plants. The demands of the trade and of 
individual customers make imperative the diversification of product that 
is necessary to meet various needs, desires, and purchasing capacities. 
Through many years of practice in meeting the desires and needs of the 
customer many organizations seem to have forgotten that there is manu- 
facturing preference for fewer products. They have proceeded so un- 
necessarily far in diversifying their lines that it has taken a distinct 
movement toward simplification, carefully fostered, to bring into promi- 
nence the economic and profit-making reasons for the elimination of 
excessive diversity of product. 

The use of standards in management. A standard is a carefully estab- 
lished norm, measure, or specification covering a method, material, prod- 
uct, procedure, or any other phase of a business process. The standard 
is merely the best method, condition, or specification that can be devised 
at the time, taking into account all the limiting factors, such as price 
range, available equipment, and material used. Improvements in stand- 
ards are usually desired and adopted whenever they are found. Although 
nothing in the idea of standardization precludes change, standardization 
tends to stabilize, thus preventing modifications other than improve- 
ments. 

Standardization and simplification defined. In general production dis- 
cussions the terms ^^simplification” and ^^standardization” are frequently 
used interchangeably. Some writers on the subject distinguish between 
simplification and standardization.^ When the two terms are used to 
convey different meanings, simplification refers to the elimination of 
superfluous varieties, sizes, dimensions, etc. It is essentially a reducing 

1 See L. P. Alford, Cost and Production Handbook, Ronald Press Company, New 
York, 1937, pp. 303-304. 
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process, a cutting down of varieties and types with relatively little regard 
for the use of any scientific procedures or methods. It may well be 
described as an empirical process. On the other hand, standardization 
refers to the setting up of fixed sizes, types, qiuilities, measures, etc. 
Standardization implies careful consideration of relationships and values, 
usically involving scientific procedures. Standardization generally in- 
volves a reduction in the number of sizes and types; however, it fre- 
quently requires the establishing of new sizes or types to take the place 
of some of those eliminated. Standardization is primarily an engineering 
function which has a direct influence upon commercial usage and prac- 
tice. Simplification places less emphasis upon the engineering side of 
an enterprise and more upon the commercial aspects. Although the fore- 
going distinctions are stressed among certain students of production for 
the purpose of clarity in use, it must be conceded that others with con- 
siderable logic use the terms interchangeably. Professor Kimball defines 
simplification as “standardization in a limited number of particulars.” ^ 
A standard is a base line for management. The setting of standards 
thus becomes one of the fundamental tasks in organizing a business for 
operation. The value of standards as base lines is fourfold: 

1. They create a foundation upon which other steps of good management may be 
built. 

2. Establishing standards causes a careful investigation to be made into all phases 
of the business. Without such investigation standards cannot be intelligently set. 

3. They tend to aid routine operation of the business and thus the development of 
a system and the application of the exception principle of management. 

4. They reduce costs of operation in a way peculiar to themselves, thus making 
possible reduced costs to the ultimate consumer as well as increasing the profits of 
the business. 

Frederick W. Taylor said: 

It was in the course of making a series of experiments with various air- 
hardening tool steels with a view to adopting a standard for the Bethlehem 
works, that Mr. J. Maunsel White, together with the writer, discovered the 
Taylor-White process of treating tool steel, which marks a distinct improve- 
ment in the art. The fact that this improvement was made, not by the manu- 
facturers of tool steel, but in the course of the adoption of standards, shows 
both the necessity and fruitfulness of methodical and careful investigation in 
the choice of much neglected details. . . . The economy to be gained through 
the adoption of uniform standards is hardly realized at all by the managers of 
this country.® 

2 Dexter S. Kimball, Principles of Industrial Organization, McGraw-Hill Book Com- 
pany, New York, 1939, p. 283. 

* Frederick W. Taylor, Shop Management, Harper and Brothers, New York, 1919 
p. 124. 
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Pressure toward diversity of product. Unnecessary diversity of prod- 
uct has resulted from two main causes. The first is the demand of the 
consumer for products that are individually different, to meet either 
peculiar service needs or individual preferences of style and taste. The 
second, and wholly remediable cause, is that sales methods have fre- 
quently emphasized distinctiveness which calls for diversity in produc- 
tion. 

Sales divisions, selling agents, and salesmen themselves all have felt 
that one of their strongest selling arguments was that a particular product 
was a novelty or that it was different from anything they or their com- 



Fig. 9.1. Fourdrinicr machine. 

petitors had before presented to the trade. In addition, they have 
frequently urged retailers to stock a huge variety of the product they 
sell on the basis of appealing to the consumer's desire for individuality. 
This practice has been frequently unnecessary and costly to the retailer. 

The effects of product diversification on production. The American 
Writing Paper Company, studying the losses involved in this type of 
selling method, reduced their line from 2000 separate varieties of paper 
to approximately 200. Some of the production reasons for this change 
well illustrate the importance from a manufacturing standpoint of the 
standardization of product. The key machine in the industry, the paper- 
making or Fourdrinier machine, which is from 50 to 200 feet long (Fig. 
9.1) , must be stopped and started every time a new grade of paper is run 
through it. Not only must many time-consuming adjustments be made 
on the machine, but also there is a huge loss of material from wastage 
of paper as the machine is being finally adjusted. Frequently the down- 
time cost on the machine plus this wastage is sufiBcient to cause an addi- 
tion to the cost of production of ten to fifteen per cent alone, when the 
runs of paper are short. In addition there are the losses incident to idle- 
ness of equipment which performs subsequent operations on the paper^ 
these operations varying according to the type of paper being manu- 
factured. 
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Advantages of simplification. The benefits accruing from simplifica- 
tion of the product include: lower unit cost, decrease in capital invested, 
lower labor cost, advance in the technique of production, improvement 
in equipment utilization and control, possibility of speedy and reliable 
delivery, improved quality of product arising from concentration of 
effort, and increased turnover of capital invested in inventories. Together 
these insure consumer satisfaction because of prompt service at low prices, 
in addition to greater profits on the same investment for the manufac- 
turer. 

A decrease in the capital investment is brought about through the 
utilization ofoless machinery and fewer tools, patterns, and other aux- 
iliaries, as well as through the reduction in the inventories of raw mate- 
rial, parts, or partly worked material and finished stock. Lower labor 
costs come with familiarity of the workers with their more frequently 
repeated tasks, as well as with the steadiness of employment that follows 
the well-defined production programs that can be mapped out when the 
product is standardized. Increased stabilization of employment is one 
of the major benefits that will result from further simplification. 

As the technique of production improves, intermittency in the use of 
equipment being eliminated, more expensive equipment better suited to 
the manufacture of the standard product can be bought, and cost reduc- 
tion promptly follows simplification. Knowledge of the organization 
becomes specialized along narrower lines, and thus there is a tendency 
toward constant improvement of process. Simplification also results in 
production with less wastage of material. Not only can equipment espe- 
cially suited to the product be procured, but also each type of equipment 
can be more easily assigned to the production of that portion of the 
product to which it is best suited. 

Product standardization has all the advantages which have been 
claimed for simplification but to even a greater degree, both within the 
producing and selling organizations and in the broader socio-economic 
relationships of the consumers. 

Securing simplification. Cooperation between the sales and production 
divisions, through regular committees or special conferences, is the first 
requirement in developing a workable program of product simplification. 
The development of a budget of sales and production, as explained in 
later chapters, is probably the best insurance of successful operation. 
If this is not practicable, each item of the line should be carefully gone 
over in the conference between the two departments, and the require- 
ments of each division thoroughly understood by the other before items 
are either added or dropped from the line of products. Some of the means 
that have been utilized by individual industries to secure simplification 
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deserve mention. They include the revision of sales methods, the devel- 
opment of a succession of designs if novelty is an important factor, and 
the development of standardization of parts. 

In changing over sales methods to effect simplification, the change is 
from arguments based on diversity and price-shading to arguments based 
on (1) better goods at the same price or the same goods at a lower price 
because of manufacturing economies; (2) service to the customer; and 
(3), if the product is sold through dealers, quicker turnover and hence 
lower investment, damage, and obsolescence charges. Such vital changes 
in selling methods at times necessitate changes in whole mechanisms of 
distribution. 

Style and simplification. In highly styled items standardization over 
a period of years is an impossibility. In the woman^s hat industry, 
despite the importance of novelty, taste, and style, much progress can 
be made in the standardization of texture of materials, as contrasted with 
design, and of the inner portions of the articles manufactured. Wherever 
possible, the addition of certain staple styles to the line does much to 
bring to the plant the benefits of standardization. In such industries 
advantage can be gained by insuring the elimination of designs of past 
seasons at the time that new designs are added, thus keeping the total 
line to a given number of patterns. This idea of ^ucdession of designs 
is very important in all industries where taste and novelty enter into 
retail sales. 

Standardization of parts. In mass-production industries parts stand- 
ardization may be secured to a large measure even if these parts are 
assembled into a variety of products. Such a program is followed in 
shoes, automobiles, furniture, and stoves. The experience of a large stove 
manufacturer clearly illustrates this step in standardization. The first 
items standardized were stove lids and stove centers, the crosspieces that 
hold the lids in place. There are from four to six of these on every stove, 
and the old method of making them Was to have a different size cover for 
every stove. All types were abandoned except one, which was made in 
7-, 8-, and 9-inch sizes, thereby eliminating many patterns and much of 
the stock of castings. Next, the legs of the stoves were standardized; 
they were made in four classes, light legs and heavy legs, with and with- 
out base strips. These four types were substituted for the great variety 
that had previously existed. The bodies of ranges and cookstoves were 
next developed so that they could either be trimmed with many nickeled 
parts or left untrimmed, allowing three grades of stoves to be made from 
one size of body. Many auxiliaries, such as towel rods, swing shelves, 
lifters, and handles, were standardized for practically all types of stoves. 

The automotive industry has been able to standardize largely in the 
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manufacture of parts. Absolute standardization of the finished product 
has proved to be impossible for any factory, because of varying consumer 
demands for size, price, type of body, and color. Through the Society 
of Automotive Engineers the automotive industry has led the country in 
developing standard specifications for bolts, screws, sheet steel, and other 
component parts. 

In some very complicated industries standardization has been achieved 
through the leadership of one company. Thus in the pipe fittings and 
valve industry the Walworth Company took a very conspicuous part in 
working toward simplification. It announced the elimination of 4^4-, 7-, 
9-, 11-, 15-,««ind 22-inch fittings and valves. Other manufacturers fol- 
lowed this lead in the elimination of excess variety. 

The standardization movement. The War Industries Board (1917- 
1918) facilitated the World War I effort and made a lasting contribution 
to industry. An illustration of the enormous reductions in variety of 
product which were brought about under the leadership of this board is 
the reduction in the number of colors of men^s hats to 9, as compared 
with approximately 100 distinct colors that several factories were previ- 
ously producing. Another example is the reduction of rear gearings of 
farm tractors from 1736 to 16. Action in the industries closely allied 
with war operations, was quickly followed by action in numerous other 
industries with a view to general conservation of plant capacity, mate- 
rials, and manpower. 

Simplification within an industry is essentially a cooperative action, 
because one large company selling on the basis of diversity can make 
standardization very difficult for its competitors. The United States 
Chamber of Commerce, observing this fact and seeing the advantages 
of simplification, undertook an educational campaign through its Fabri- 
cated Production Division in 1920, organizing a movement which brought 
prompt results. In 1921 the Division of Simplified Practice of the United 
States Department of Commerce was formed, and the United States 
Chamber of Commerce turned over to this new governmental agency the 
sponsorship of the movement. 

The Simplified Practice Division has had the assistance of an advisory 
group, highly representative of industry and including representation 
from the United States Chamber of Commerce. The first step in the 
program is a survey of the industry, conducted by the trade, to determine 
the number of current varieties and the demand for each one. The results 
are studied by a simplified-practice committee appointed by the industry 
concerned. A tentative program of elimination is formulated for presen- 
tation at a general conference composed not alone of producers and 
distributors but also of consumers and neutral engineers. After formal 
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acceptance of the recommendations by a substantial majority of inter- 
ested groups and individuals, they are published by the department as 
one of the series of simplified-practice recommendations, subject to peri- 
odic revision either by another general conference or by a standing joint 
committee of the industry. One manufacturer alone can do little toward 
standardization unless he dominates the field. A trade association which 
interests all its members in this subject, establishes standards, and works 
in conjunction with the associations of allied trades can do much to 
promote standardization. 

Preferred numbers. The system of preferred numbers in standardiza- 
tion sets up a series of values, each of which is greater than the preceding 
one by a constant percentage. It appears that man prefers a series ad- 
vancing by a geometric ratio to the arithmetic progression.^ Eidmann 
points out that many of the sizes established empirically closely approxi- 
mate the preferred-number series. After nearly ten years of study and 
revision the American Standards Association approved a system of pre- 
ferred numbers in 1936.® 

The preferred-number series takes 1 or 10 as the base and multiplies 
each successive number in the series by a constant percentage. When 
the series is less than 1.0, the values are determined by dividing the series 
between 1 and 10 by 10, 100, etc. The respective series most commonly 
used have their constants derived as follows: 

• Series 5: VllO or 1.5849 
Series 10: or 1.2589 

Series 20: or 1.1220 

40 y 

Series 40: V 10 or 1 .0592 
Series 80: or 1.029 

An inspection of this tabulation shows that series 5 has 5 uniform steps 
of approximately 60 per cent between 1 and 10; series 10 has 10 steps 
of approximately 25 per cent; series 20 has 20 steps of approximately 12 
per cent; series 40 has 40 steps of approximately 6 per cent; and series 
80 has 80 steps of approximately 3 per cent. 

The use of preferred numbers in determining sizes and dimensions 
facilitates standardization, especially when supported by the trade asso- 

^ See Frank L. Eidmann, Economic Control of Engineering and Manufacturing, 
McGraw-Hill Book Company, New York, 1931, pp. 268-297. 

® See Bernard Lester, Applied Economics for Engineers, John Wiley and Sons, New 
York, 1939, p. 129. 
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ciation of an industry. Without concerted action, individual manufac- 
turers might well select different series as a base. 

Economies can be realized in design and manufacturing in the long 
run if industry will seriously undertake the adoption of preferred numbers 
as a base for standardization. The most important advantage of pre- 
ferred numbers will accrue to the purchasers and users in such items as 
gauges, in sizes of materials, in over-all dimensions of machines, appa- 
ratus, and articles of all kinds, in ratings, in commercial capacities, in 
speeds. In other words, preferred numbers tend to promote the inter- 
changeability of goods made by different manufacturers. 

Effect of stindardization of the product upon the worker. The change 
in type of workman with the standardization of product is significant. 
As operations become automatic and repetitive, they can readily be per- 
formed by persons of, Jess skill, even in machine operation. There can 
be no question that the development of standardization means the intro- 
duction of automatic machinery to perform the operations in the manu- 
facture of the standard product. The usual result, however, is not the 
degradation of the skilled workman but rather the elevation of the un- 
skilled man into a semiskilled job. Standardized products mean cheaper 
products. Markets are expanded, luxuries become necessities, and jobs 
are created for many more persons through product standardization.® 

Mechanization incident to product standardization is but a small step 
in the progress of the transfer of workers^ skills, which started with the 
very beginnings of the Industrial Revolution. Industries manufacturing 
diversified products must mechanize almost as fully as those making 
standard products. The use of process conveyors is not dependent upon 
the production of only a few sizes of products. 

Another objection to product standardization is that it kills the worker^s 
initiative. By working on the same task day after day, however, a man 
really knows the job and the machine better than the person who first 
developed them. He knows enough really to make suggestions that are 
practical and can be utilized. The man who, working on the same task 
day in and day out, cannot find play for his initiative in suggesting 
improvements, has no initiative. There is a problem in insuring that the 
worker realizes his relationship to the industry as a whole, but that is 
true of division of labor under modern conditions regardless of stand- 
ardization. 

There is one final answer to the objections. The tasks of a very large 
share of workers in industries are so constructed that they do not change 

•See the article, '^Skill,” by Anna Bezanson, in Quarterly Journal of Economics, 
August, 1922. This article is just as pertinent today as the day it was written. 
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whether the product is standardized or diversified. To the man working 
around the dye vat in the hat factory it makes little difference whether 
hats are made in a hundred or in nine colors. His task remains the same, 
and the technique of his job is not affected. 

Standardization of Materials 

Standard materials. It is impossible for production problems to be 
readily solved if the material that is being worked upon is not standard 
or if its composition is not definitely known. Naturally, it is not neces- 
sary that the best material be purchased. This would force all products 
to be high-grade and afford no goods for those with low purchasing power. 
Therefore standardization of materials takes the form of type standard- 
ization, not necessarily the most costly type but that best suited to 
manufacturing conditions. 

An outstanding characteristic of the use of standard material is the 
factor of reliability or certainty. Absolute reliability or certainty is not 
practical, but reasonable manufacturing reliability is both practical and 
economical. The product engineer specifies certain qualities to be desired 
in the material used and can predict the performance of his product with 
assurance. 

The standardization of raw materials directly affects the operation of 
several branches of any manufacturing enterprise, such as the following: 

1 The product-engineering department. 

2. The materials engineer. 

3. The purchasing department. 

4. The methods department. 

5. The production-control department. 

6. The time-study department. 

7. The manufacturing departments. 

8. The cost department. 

9. The salvage department. 

10. The inspection department. 

Standardized materials and the product engineer. The tire-design 
engineer may call for a long staple sea-island cotton of a certain specifi- 
cation and rely implicitly upon its strength. The tensile strength of this 
fabric of a given specification has been established as a result of literally 
thousands of breaking tests in the laboratory. If the fabric should not 
be of the required standard, because of a different twist, shorter staple, 
or exposure to some chemical, the unaided eye might fail to detect the 
difference; but the strength would be reduced and the tire-design engi- 
neer's careful work would be largely wasted. It is because of such situa- 
tions that materials are tested at great expense. As a matter of fact, in 
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modern tire construction the design engineer realizes that his work is 
largely futile unless standardized materials are used. The same principle 
holds for machine construction, building construction where strength is a 
factor, and in many other types of production. 

The quality control or materials engineer. In some industries the 
materials engineer is a functional officer, sometimes called the quality- 
control engineer. He may be attached to the product-engineering depart- 
ment, the purchasing department, the research department. He usually 
has a dual function — (1) to be on the alert for new materials that may 
be substituted for those now in use, either as a matter of reducing costs 
or improving^e product, and (2) to check the quality and use of present 
materials. When the second function is of prime consideration, he may 
be attached to the inspection department or the purchasing department. 
If he is attached to the inspection department, his influence will be rela- 
tively slight. The quality-control engineer devotes most of his time to 
procedures requiring chemical or technical ability, not to routine opera- 
tional inspection. If he is attached to the purchasing department, he 
will act as an adviser not only to the purchasing department but also 
to other departments, especially with respect to new materials. New 
products are constantly being marketed, particularly in the chemical and 
plastics industries. The materials engineer may well be in a position to 
suggest to the product engineer and others substitute materials that are 
better adapted to the requirements of the product or the manufacturing 
process. 

The purchasing department. If the materials bought are standard, 
the purchasing department is better able to keep abreast of market con- 
ditions, to place large orders, and thereby to receive lower prices and 
larger discounts. It is also better able to keep in touch with the demands 
of the factory for raw material and hence to lessen the likelihood of a 
partial shutdown because certain raw material is not available. As a 
result of research on the part of individual corporations, trade associa- 
tions, and the federal government, a great mass of data has been accumu- 
lated on various materials. Much of this information has been formu- 
lated into recognized standards which are available to the purchasing 
department. These standards for materials simplify the work of the 
purchasing agent. Purchasing agents have taken an active part in estab- 
lishing standards for materials used directly in the product as well as 
for supplies. 

The methods department and material standards. It is not at all in- 
frequent for the design to be modified at the suggestion of the methods 
department to simplify its production or to make use of standard mate- 
rials already in use in the plant. The methods department is interested 
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not only in standard materials as a means of simplifying operations, but 
also in making use of available equipment. 

The manufacturing division. When materials do not run true to form, 
much additional labor is required. When the sheet metal draws properly 
for the fenders, the metal finishers can keep up their end of the work and 
are usually satisfied with their earnings. When ten per cent additional 
labor is required because of ripples in the metal, the metal finishers can- 
not meet standards, and production falls behind schedule. The same 
situation applies to all other operations. Any irregularity resulting in 
below-standard material usually requires additional labor and not in- 
frequently increases the normal scrap from operations. 

The motion- and time-study department. Standardization is essential 
if motion and time study is to be fruitful. Standardized operations must 
be adopted before time values can be established. Standardization of 
operations can be attained only when both material and machines are 
standardized, at least to a workable degree. When standards are set for 
a given material, they are presumed to hold until the method is changed. 
If the material falls below the standard set, the method has to be changed, 
thus immediately destroying the standard. This breeds ill will on the 
part of the employees and tends to vitiate the work of the time-study 
men. There is no agency in manufacturing more vitally interested in 
establishing and maintaining workable standards for material than the 
motion- and time-study department. 

Standard material and production planning and control. There can be 
no such thing as scientific production control in the absence of reasonably 
standardized material. Even in a job-order plant making products that 
are not standard in their entirety, a large part of the work is standard. 
If it were not so, production control would be impracticable. By having 
the desired material available when needed and by following carefully 
a logical sequence of operations, production control reduces the size of 
the inventory of raw materials to be kept on hand, reduces the inventory 
of work in process, increases total output, and makes possible the meeting 
of promised shipping dates. Adequate materials of the proper specifica- 
tions are a vital necessity to proper production control. 

Cost predetermination.’’ Standardized materials and processes are an 
integral part of standard costs so widely used in industry. Although it 
is prpbably an exaggeration to say that standard costs could not be used 
without accurate maintenance of material standards, it is true that the 
use of standard costs under such a situation would be largely ineffective. 
Standard costs are built upon a theoretically desired standard that is 

See Chapter 30 for a discussion of standard costs as a medium of control. 



124 SIMPLIFICATION AND STANDARDIZATION Ch. 9 

capable of attainment under practical operation conditions. In turn, 
standard costs provide management an excellent means of control. Any 
deviation from the standard of materials used will tend to produce a 
deviation from the standard costs. If the standards are right, to use 
substandard materials will tend to raise labor costs and thus in the long 
run either increase the selling price or reduce profits. 

Material standards and the inspection department. The primary activ- 
ity of the inspection department is checking the quality of raw materials, 
work in process, and the finished product against established standards. 
The inspection department plays an important role in quality mainte- 
nance, even t4»ugh the manufacturing department is basically responsible 
for quality. This department tests materials as they come in and as they 
are progressively processed throughout the plant. Quality can be secured 
in the absence of standard materials, but as has been pointed out, the 
cost of maintaining this desired quality in the finished product is high. 

United States Bureau of Standards. The United States Bureau of Stand- 
ards makes thousands of materials tests yearly, many of them at the direct 
request of the manufacturers. In order to promote wide use of the 
results of these tests, the Bureau has adopted a so-called “certification 
plan.” The Bureau compiles lists of manufacturers who have expressed 
their desire to supply material in accordance with certain specifications 
and who are willing to certify to the purchaser that the material thus 
supplied complies with the requirements and tests of these specifications. 
This is an extension of the service which the Bureau of Standards has 
furnished for some years to government departments. Materials which 
are supposed to meet such specifications, if purchased by a company 
without its own laboratory, may be checked easily by submission to a 
commercial testing laboratory, for the specification is standard. To the 
extent that the certification plan results in the standardization of com- 
modities, its benefits are felt by all material users, whether or not they 
directly use the certified specifications. For some years some commodi- 
ties, for instance, lumber, have been marked with the standard grade of 
an association, as the American Lumber Standards. 

The American Engineering Standards Committee. This committee, 
with offices in New York, is a creation of the several technical societies, 
such as the American Society of Mechanical Engineers, the American 
Society for Testing Materials, and the Society of Automotive Engineers; 
a number of trade associations, such as the National Electric Light Asso- 
ciation, the American Gas Association, and the American Railway As- 
sociation; and a number of other groups interested in industrial stand- 
ards, such as the National Safety Council, and the Bureau of Casualty 
and Surety Underwriters. 
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The purpose of the American Engineering Standards Committee is to 
develop standards for industry through mutual action. When a particu- 
lar type of standard is to be developed, a subcommittee is formed, with 
representation from all those interested in the proposed standard. Among 
those who receive such representation are the engineering society inter- 
ested, manufacturers of the article, users of the article, and labor. The 
final report made by this sectional committee is reviewed by the executive 
committee of the American Engineering Standards Committee and, if 
finally approved, is adopted as the American standard. 

Standards may be changed. One of the advantages of material stand- 
ards is the stability that they give to manufacturing processes, yet they 
are not static. The uninformed frequently argue against standardization, 
claiming that it retards progress. As a matter of fact, standardization 
under the ancient guilds did retard progress, but this criticism is no 
longer valid. Businessmen in the United States are eager to improve the 
quality of their products. They have led the world in standardization, 
a fact which in part accounts for their leadership in industrial production. 
With a genuine improvement in the quality of an item, the standard 
usually is changed to incorporate the improvement. 

The National Bureau of Standards has had wide experience in observ- 
ing changes in specifications and has listed the following qualities as 
desirable for specifications : ® 

1. They must be definite in nature and free from clauses which require an expres- 
sion of opinion by the inspector. 

2. They must be limited to the essential qualities of the product or material under 
consideration. The specification of unessential qualities may raise the cost of the 
product and certainly increases the time required for testing. 

3. The qualities specified must be capable of measurement. 

4. The specifications must be supported by a definite statement of test methods in 
order to avoid quibbling about the methods of testing used. 

® Adapted from “Services of the National Bureau of Standards to the Consumer” 
(not dated), p. 5. 
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The consumer of materials, whether he is a primary or a secondary 
manufacture^ias at his command the findings of the laboratories of his 
vendors, the findings of scientific societies, and information on materials 
and processes which originated in hundreds of commercial and university 
laboratories and in the minds of thousands of scientists in every industrial 
country on earth. The accumulated body of knowledge which has devel- 
oped in recent decades is the basis for most of the manufacturing tech- 
nique of today. 

A change in manufacturing procedure usually involves a major decision 
by management, since it involves large expenditures in new equipment, 
changes in customer relationships, and at times fundamental changes in 
the structure of the organization necessary to manufacture and market 
the product. The development of a product is linked inseparably with 
the availability of certain manufacturing processes and the materials of 
correct characteristics at the right price, as well as the availability of 
machines to produce the desired quality of goods at a profit. 

Research and production. Almost overnight steelmakers found that 
their methods of producing steel sheets and strip had been made obsolete 
and that, if they desired to participate in that portion of the steel busi- 
ness which was beginning to yield the largest tonnage and at the same 
time show the greatest profit, it would be necessary for them to install 
wide, continuous-type mills. These mills, now developed to roll sheets 
up to 96 inches wide continuously, that is, with no back tracking 
of the material or transfer to other mechanisms, cost from $6,000,000 to 
$15,000,000 to install. Since the automotive industry is the greatest user 
of the product of such mills, they have largely been located in states of 
the Great Lakes region. 

Although in this discussion it has been assumed that the development 
of the continuous rolling mill was the starting factor of this chain of 
events, this is by no means true; this point was the starting factor only 
in the point of the origin of the material. For instance, the development 
of the welding process in industry made possible the fabrication of these 
sheets and thus caused a demand to be made upon the steel manufac- 
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turers for a greater quantity of large sheets, which in turn caused the 
spread of the continuous mill. Research in many branches of manufac- 
turing, often carried on concurrently, creates a closed chain of events. 
It is difficult to find either the beginning or the end of the chain. To- 
gether, such research projects result in tremendous changes in manu- 
facturing, great outlays for new materials and equipment, strains on the 
finances of the industrial companies least able to bear the burden of the 
outlays, and changes in the skills demanded of the working man, with 
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Fig. 10.1. A continuous-strip mill. Inland Steel Company, Indiana Harbor, Ind. 

consequent changes of occupation and even in the location of manufactur- 
ing communities. For instance, the development of electric welding (Fig. 
14.5, p. 207) made possible the use of the wide sheets of steel produced 
by the strip mills (see Fig. 10.1) to give the public the all-steel automo- 
bile body. 

The possibility of securing wide sheets for body-building purposes 
revolutionized the processing of bodies in the automobile industry. Die- 
making machines became taxed to the utmost to produce the huge dies 
necessary to form one-piece tops (see Fig. 14.9, p. 212). The whole struc- 
ture of the tool and die industry which had been developed to serve the 
automotive industry was disturbed by the sudden demands for huge dies 
of this type. Few die shops were capable of producing such dies, it was 
difficult to secure sufficient equipment from the machine manufacturers, 
and the finances of most of the tool and die shops, usually relatively 
small companies, would not permit the purchase of such equipment, even 
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if available. Thus much of the die equipment necessary to cope with the 
new demands was put into the plants of the large automobile manufac- 
turers themselves, and they began producing a greater proportion of 
their own dies than they had made heretofore. 

The press manufacturers were called upon to produce presses of pre- 
viously unheard-of proportions (see Fig. 14.8, p. 211) to hold these dies 
and to stamp out body parts which were formerly made up of literally 
dozens of pieces. The triple-action press illustrated, which shapes sedan 
panels in one operation, has three moving slides to carry the dies. It is 
more than 25 feet high and weighs 600,000 pounds, necessitating the 
digging of a inundation 106 feet deep down to solid rock. Similar presses 
of a size previously unknown caused production problems for both the 
press manufacturers and the users until complete knowledge of their 
capabilities was developed from experience. But for the development of 
the other processes described in this sequence, no demand would have 
been created for such machines. 

Steel alloys. The electric furnace made possible the development of a 
multitude of alloy steels at commercially ^feasible prices. For resistance 
to corrosion, chromium is the alloying element which produces a condi- 
tion approaching perfection. Tiie long series of ^^stainless steels^^ which 
have been developed resist the corrosive action of many chemical salts 
and acids as well as of the atmosphere. From tableware to stove and 
sink tops, from automobile trim to whole trains of stainless steel cars, 
chromium in varying alloy proportions is today making possible products 
designed from steel which are as attractive after years of use as the day 
that they leave the factory and which need no protective coating. Dur- 
ing World War II, when chromium was exceedingly scarce, an entire 
series of NE (National Emergency) steels was developed. Chromium 
was still used but in much smaller quantities. These low chromium- 
nickel-molybdenum steels will continue to be used in peace but not in 
such quantities as during the war. 

To add strength to steel, nickel has been the most widely used alloy. 
It has been combined with chromium where high-strength stainless steels 
are in demand and where cost can be figured in terms of long-run econ- 
omy. Where there is a demand for ferrous alloys with high resistance to 
rust and corrosion but also with high strength, as in the chemical and 
food-processing industries, nickel steels are desirable. Nickel-manganese 
cast steels are important in structural parts of railroad cars, tractors, 
and power shovels, where ultimate strength is the important considera- 
tion. Common gray iron with nickel alloy has also proved to be a suc- 
cessful and, under many conditions, an economically proper material, 
fully able to compete with steel castings under conditions where stresses 
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are not too great. Within the last 10 years tremendous strides have been 
made in the manufacture of high-strength cast iron and cast steel. 

For many years molybdenum was added to steels which required 
strength, hardness, or toughness at elevated temperatures of operation. 
In alloys this element imparts superior high-temperature properties to 
numerous working parts. With the clearer definition through the years 
of the results of proper manufacture of steels in the first instance and of 
heat-treating of steels after manufacture, there has been a constant tend- 
ency to reduce the percentage of alloys in the steels and hence to increase 
the range of their economic usefulness. With this attention to the prob- 
lems concerned with the action of heat on metals has come a knowledge 
of the greater usefulness of molybdenum as an alloy. Plain carbon- 
molybdenum steel has proved most successful for deep-drawing steels 
and steels for high-temperature service. Chrome-nickel-molybdenum 
steel has now become a common alloy. This steel, with a high carbon 
content, is to be found in large forgings of many types and in high- 
temperature forging dies. 

Among the many phenomenal developments in the steel industry has 
been the cold treatment of steel to hasten its aging or seasoning process. 
For years the manufacturers of steel gauges have known that tool steels 
do not attain a condition of stability for some time after hardening. Pre- 
cision steel blocks undergo a stage of growth and distortion over a period 
of a few years. This distortion is from 10 to 20 times the permissible 
tolerances. To overcome this difficulty the semifinished gauges were ex- 
posed to outside temperatures for a few years before being finished. Ex- 
periments showed that bringing the high-speed steel down to a low tem- 
perature immediately after quenching stabilized the steel more completely 
and increased its hardness, strength, and ductility. By bringing the 
steel down to minus 100°F. the stabilization that formerly required sev- 
eral years could be achieved in 48 hours.^ 

Leaded steel, graphite steel, zirconium steel, nitrogen steel, silicon- 
impregnated steel, and many other steels for special use have been de- 
veloped during the past few years.^ Certain alloys of steel have made 
possible the development of the gas turbine. Nevertheless much work 

iSee Archibald Black, ^‘Some Recent Developments in Engineering Material,” 
Mechanical Engineering, February, March, and April, 1945, for an illuminating dis- 
cussion of the many recent developments in ferrous metals, nonferrous metals, and 
nonmetals. 

2 This entire subject is highly technical and is understood only by the metallurgist. 
It is presented in this chapter as a matter of general information, not as a technical 
treatise. It is not recommended that the student try to remember the details of 
these various alloys. 
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still remains to be done in the development of a steel that can resist the 
high temperatures of the gas turbine before this efficient source of motive 
power can be fully utilized. 

Tools and dies. The manufacture of steel for tools and dies has long 
been one phase of the steel industry to which much research has been de- 
voted. Its economic significance has been possibly the most important 
in the industry, particularly in relation to displacement of labor by ma- 
chines and in its effect on the machinery industry, in that significant 
changes in the nature and design of machinery are indicated in order to 
take full advantage of the newer tool steels. The long and careful re- 
search of Fredrick W. Taylor and J. Maunsel White just before 1900 at 
the Bethlehem Steel Company resulted in the development of ^^high-speed 
steel,” the first significant improvement on older carbon steels used for 
cutting metals. It was not only the alloy composition of this steel but 
also the carefully developed method of heat-treating it which made it 
stand apart from all other metal-cutting materials and caused production 
increases of 400 to 500 per cent with the same machines and equipment. 
Increased production was aided by the proper utilization of the fast- 
developing body of knowledge concerning methods of sharpening these 
tools (see Chapter 14) . This high-speed steel had the ability to stand up 
when run at speeds that heated the tool red-hot. 

During the decade between 1920 and 1930 much of the work was done 
which produced a diverse series of special-purpose tool steels. One of the 
first special steels to be introduced, still utilized on a large scale, was 
Haynes Stellite, a cobalt-chromium-tungsten alloy, which, like high-speed 
steel, maintained its properties at red heat. It machined at high speeds 
cast iron, malleable iron, and semisteel and could be profitable used on 
certain grades of steel. Toward the close of the decade there were de- 
veloped first in Germany and later in the United States a number of 
tungsten-carbide cutting tools, of which the best known is Carboloy. 
These new cutting tools at first had limited applications, giving extremely 
rapid speeds of cut on light feeds for continuous cuts, as on lathes, but 
cracking or shattering on other types of cutting operations and failing on 
heavy work. Gradual development obviated most of these difficulties, and 
this series of cutting tools soon necessitated the virtual redesign of numer- 
ous machine tools in order to provide for the stresses which their high 
speeds set up. Because of the high value of the material these tools con- 
sist of small tips of alloy welded to steel shanks (see Fig. 14.16, p. 218). 
Recent developments in cutting tools have made it possible to remove 
some of the lighter alloys so fast that conveyors are required to carry 
away the cuttings. 
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Mr. Philip E. Blise, former president of Warner & Swasey Company, 
manufacturers of machine tools, has said: 

With the new tungsten-carbide tools, a turret lathe of the same size as one 
built ten years ago is capable of removing twice as many cubic inches of metal 
in the same period of time. ... A factory faced with the problem of doubling 
its output may, therefore . . . instead of doubling its floor space and equip- 
ment, keep its present floor space and replace its present metal-working equip- 
ment with machines of twice the speed and twice the productivity. . . . The 
result may be a new trend in factory building and factory rehabilitation — a 
trend in which compactness of operations and maximum productivity per unit 
of space may be the outstanding characteristics.® 

For dies, special alloy tool steels have been developed which have in- 
creased productivity in equivalent ratio with the new cutting steels and 
at the same time permit longer operation of the presses on high-production 
runs without the necessary down time to change dies. Chromium-vana- 
dium alloys have proved helpful in this development, as have the cobalt- 
chromium-tungsten alloys. Inasmuch as whole dies of any of these ma- 
terials would be prohibitive in cost, once again welding has made a process 
commercially possible. The alloy is welded to the wearing parts of the 
die or is placed in the die in the form of inserts. At this point it may also 
be mentioned that similar wearing surfaces on many types of machinery 
and equipment are today protected by coatings, edges, or points of alloys 
in order to resist wear and abrasion. Among the products so protected 
may be mentioned automobile valve seats, plowshares, pug mill knives, 
clamshell bucket lips, shredder knives in paper mills, and steam valves. 

Non-ferrous metals. Aluminum and copper, with its commoner alloys, 
brass and bronze, have come to be an integral part of the materials for 
our industries for many years, although it was 1886 before aluminum was 
first reduced by the electrolytic process and many years of experimenta- 
tion followed before its price permitted its general use in those parts for 
which it was best fitted. Magnesium, a metal even lighter than aluminum, 
has been used on a considerable scale in materials where lightness is all 
important, as in the airplane industry. Aluminum, also often used be- 
cause of its lightness, has excellent properties for conducting heat and has 
therefore been employed on a large scale in the manufacture of kitchen 
utensils and for cylinder heads in the automotive industry, to avoid the 
formation of hot spots above the cylinders in high-compression engines. 
Aluminum has come to be extensively used also in die castings, nickel 
being frequently added as a strength-imparting alloy. Beryllium is an 
expensive metal, but in small quantities it makes possible the heat- 


^ Steel, June 11, 1934, p. 46. 
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treating of certain metals, such as copper, lead, nickel, and silver. It has 
been used most commonly with copper. A beryllium-copper-edged tool 
can be used in situations where the sparks from a steel tool might produce 
a hazard, since the beryllium-copper alloy possesses nonsparking charac- 
teristics.* Porous-chromium surfacing makes possible the use of chro- 
mium surface in cylinder walls, piston rings, and similar items. Chro- 
mium has one of the lowest coeflScients of friction of any of the metals, 
but smooth chromium will not retain a good oil film. By the Porous- 
Krome Process the wearing surface is made porous so that the oil film will 
be retained, jj|^us giving a remarkably efficient surface in terms of low 
friction.® Copper and silver have both been used very successfully in 
brazing iron and steel, f'or some purposes silver is even better than cop- 
per, but its expense is generally prohibitive. The shearing strength of a 
properly made joint exceeds the shearing strength of the copper itself. 

The laminating of metals has been developed to a state undreamed of 
20 years ago. This process has been applied to nickel, Monel, Iconel, 
stainless steel, silver, and aluminum. 

Monel metal, an alloy composed of approximately two-thirds nickel 
and slightly over one-quarter copper, with small portions of other metals, 
has become a household name in recent years because of its extensive use 
in kitchen equipment wherever resistance to rust and stains is an impor- 
tant factor. Its use has been somewhat retarded because it is relatively 
high-priced as a result of the large percentage of nickel which it contains 
and because of the concurrent rise of the stainless steels. 

Plastics. Plastics are marketed under many trade names, such as 
Bakelite, Textolite, Cetec, Durez, and Tennite. The various plastics have 
many properties, which may be varied to meet different situations. Plas- 
tics as a group may be moulded or machined to meet many requirements. 
They are used extensively in the manufacture of radio cabinets, electrical 
controls, automobile steering wheels, gear-shift knobs, silent gears. Al- 
most any color is available in plastics. They easily take a high finish and 
usually have considerable resistance to moisture and many acids. They 
usually possess a high ratio of strength to weight and may be produced 
to provide considerable resilience to absorb mechanical shocks. 

No doubt plastics will play an important role in future industrial de- 
velopments, but there is little likelihood that they will replace the well- 
known metals except for certain specialized uses. 

Synthetic rubber is a popular name for rubber substitutes, but such 
substitutes are not exact chemical replicas of natural rubber. The five 

* See Archibald Black, op. ctL, March, 1946, p. 192. 

» /hid., p. 193. 
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most common rubber substitutes, with the dates of their commercial in- 
troduction, are as follows: Thiokol, 1929-1930; Neoprene, 1931-1932; 
Buna-S, 1937; Buna-N, 1937; and Butyl, 1940. Synthetic rubber proved 
invaluable for the United Nations during World War II and has appealed 
to the imagination of the Amer- 
ican people. Such rubber pos- 
sesses certain characteristics that 
make it superior to natural rub- 
ber for some uses. It is to be 
hoped that an enlightened govern- 
mental policy will encourage fur- 
ther development in this field. 

Both rayon and nylon are syn- 
thetic products that have exerted 
a profound infiuence upon textile 
industry. Rayon has been suc- 
cessfully used in automobile tires. 

The full industrial potentiality of 
nylon has not yet been exploited, 
but this substance has already 
made a place for itself in the 
manufacture of ladies^ hosiery. 

The various combinations of 
plastics, fiber glass, and other 
materials are almost limitless. 

Traveling bags, ladies^ handbags, 
canoes, refrigerators, radio cabi- 
nets, bathroom units, upholster- courtesy, OMo crankshaft 

ing materials, and other items ^ rr. i. i j • 

Fig. 10.2. Tocco process of hardening 

have been made from plastics. ^^e bearing surfaces of a crankshaft in a 

Some relatively new develop- few seconds, 

ments. In addition to the items 

already discussed many others should be mentioned in passing. The pro- 
duction in Texas of magnesium from sea water has reduced the price of 
magnesium, thus making it commercially available for light-metal alloys. 
Resin bonding agents make it possible to bond metal to wood and other 
products. 

Induction heating (high-frequency equipment) has achieved importance 
in commercial applications, such as heating bar stock for forging, heat- 
treating bearing surfaces (Fig. 10.2) , brazing with copper or silver, melt- 
ing of metals, compression molding of plastics, and brazing of cutting 
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edges on tools. This field of activity can readily be expanded. Figures 
10.3 and 10.4 show two interesting developments in the use of elec- 
tricity. 

The oxyacetylene cutting process, which has been used for years, had 
wide application during the war in shipbuilding. It is also used exten- 
sively in cutting parts for machinery manufacture. 



Courtesy, Metallizing Company of America 
Fig. 10.3. Mogul metallizing gun spraying molten stainless steel for a protective 

coating on a paper roll. 


The extrusion process is used extensively in the manufacture of metal 
and plastic tubing, rods, moulding, and irregular sections. In many cases 
a proper die produces a long piece of material that can then be cut to de- 
sired lengths to obtain parts that would be diflScult to produce any other 
way. The extrusion process is not new. It was used in rubber manufac- 
ture forty-five years ago, but its wide application in the metal industry 
is relatively recent. 

Shot-peening has been extensively used to reduce fatigue failure of 
springs, small parts, and castings. The electrolytic process of tin plating, 
which has been extensively used in place of the old dipping process, con- 
serves tin and yields a morq^uniform product. 
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In the making of castings three developments have recently received 
additional attention: (1) powder moulding, (2) centrifugal casting, (3) 
precision casting in plaster investment moulds. Powder metallurgy, as 
applied to castings, consists in placing the desired powder in a mould 
under pressure with heat to give the desired casting. The metal powder 



CourteBy, North American Electric Lamp Company 
and the Ford Motor Company 

Fig. 10.4. Drying the finish of an automobile body by infra-red rays. 


may consist of alloys or any other desired mixture.® Unusual forms may 
be secured. The casting is very accurate in comparison with the old sand 
castings ; hence very little machining is required. Centrifugal casting, as 
its name implies, is accomplished by rotating the mould while the metal 
is being poured."^ By this process a better texture of the metal and un- 
usual forms may be secured. Precision investment or “lost-wax” casting 
consists in moulding a wax pattern for each individual casting, forming 

® See Earle E. Schumacher and Alexander G. Souden, “Powder Metallurgy,” Metals 
and Alloys, November, 1944, pp. 1327-1339, for an excellent discussion. 

^ See Gerald E. Stedman, “Unique Centrifugal Steel Casting Method,” Metals and 
Alloys, November, 1944, pp. 1311-1315. 
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around the wax pattern a plaster cast of some refractory material, heating 
the plaster cast to flow out the wax, and pouring molten metal into the 
plaster cast. The wax pattern is moulded in a split-section master mould 
from a replica or model of the casting; hence it is very accurate in dimen- 
sions. A new investment (coat of plaster, aromic, or other castable ma- 
terial) has to be made for each casting. The casting of the liquid metal 
may be made under pressure, by the centrifugal method, in a vacuum or 
by ordinary pouring. Tolerances of ±0.003 inch have been attained by 
this method.® 

Special production tools. Coupled with new machine capacities and 
new product?^ capabilities of the alloy tool steels has been the develop- 
ment of tool design to produce special cutting tools which result in tre- 
mendous savings. The machining of a clutch housing is illustrative. The 
former method of operation included: 

1. Milling the lugs for locating points. 

2. Rough grinding the under surface of the housing. 

3. Machining the interior of the housing in five separate machine operations. 

The present method is to utilize one specially designed cutter, which, be- 
cause it combines all the machining operations, eliminates the necessity 
for locating points and hence the milling process. Because of the greater 
capacity of the special tool, the rough-grinding process has been reduced 
in length from 6 minutes to 1.8 minutes per piece. The five separate 
machine operations have of course been replaced by the one that utilizes 
the special cutter. The old operations took 22 minutes in machine time 
alone, without considering handling time between operations or the neces- 
sary preparatory and planning steps. The job is now done with one grind- 
ing operation of 1.8 minutes and one cutting operation of 6.32 minutes, a 
clear saving of 13.88 minutes per piece in machine time. 

Heat-treating. Progress in the heat-treating of metals has coincided 
with the development of alloys to produce materials which are easily 
machinable, the final product having properties quite different from those 
of the metal at the time that it is machined. Heat-treating also produces 
in a metal certain desirable conditions and properties which have no rela- 
tion to its work ability. Heat-treating includes quenching by immersion 
in liquids or gases; hardening, or heating and quenching from the critical 
temperature at which the molecules of metal are rearranged; annealing, 
or heating and then permitting slow cooling of the metal; case hardening, 
or heating the metal in contact with carbon, so that some of the carbon 

«See Archibald Black, op. ciL, p. 195; see also Fred P, Peters, ^‘Selecting Produc- 
tion Methods for Small Parts,” Metals and Alloys, July, 1944, pp. 93. These are 
excellent articles. 



Ch. 10 


WELDING 


137 


will be absorbed by the surface of the metal, and then hardening further; 
and cyaniding, or heating the metal in contact with a cyanide salt, fol- 
lowed by quenching. Effective heat-treating in industry has become pos- 
sible through the development of temperature-control devices which pro- 
vide proper temperature relationships throughout the heating cycle or 
in the quenching bath. These instruments have become the key to suc- 
cessful heat-treating. Distortion in hardening is now controlled through 
a more thorough understanding of the heat-treating process and a conse- 
quent design of parts to prevent such distortion. Research into heat- 
treating problems has proved to be particularly helpful in correcting ma- 
terial conditions traceable to previous processes and at times to steel- 
making itself. 

Die casting. Decorative effects which can be produced cheaply by die 
casting have caused this process to advance rapidly as consumers have 
demanded better-looking as well as more useful products. Both zinc and 
aluminum alloys can be readily die cast. Although some resistance to 
stress can be developed in a die casting through the addition of such an 
alloy as nickel, in the main it is the smooth finish resulting from the 
process and eliminating any need for machining which has caused its 
application to the making of intricate designs intended for decorative 
effect (see Fig. 14.7, p. 210) . 

A feature peculiar to die casting is that it permits making as a single 
unit a product or component which otherwise would have to be composed 
of a number of individual units, joined by welding or some other fastening 
method. Inasmuch as the die-casting operation in its simplest terms in- 
volves merely flowing metal into a die under pressure and keeping it there 
the time required for it to solidify, the most modern die-casting machines 
are almost wholly automatic in their operation. The worker need only 
remove the finished piece from the die, so that costs are reduced by this 
process. Elaborate designs may require the operator to insert cores or 
steel parts. The design and composition of the steel die are easily seen 
to be the vital factors of this operation, and the intricacy of the finished 
product is limited only by the ability of the die makers to produce prac- 
tical dies. Die castings find some competition from moulded plastics, an 
important industrial material referred to earlier in this chapter, but are 
also used to some extent in conjunction with plastics, as in grocery scales, 
where the die casting may form the structural part of the device and the 
plastic the moulded casing. 

Welding. Welding is probably one of the most important industrial 
processes that have been developed during the twentieth century. Its 
ramifications reach into every industry, and its products are to be found 
everywhere. In welding, metals are united by one of two general methods: 
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(1) plastic processes, in which pressure and heat produce the weld, and 

(2) fusion processes, in which the application of heat to the metal with- 
out pressure makes the weld. 

From a practical standpoint most plastic welding done in manufactur- 
ing today is resistance welding; that is, the heat is produced by the pass- 
age of electric current through the parts to be joined. Such welding is 
referred to by a variety of designations, depending upon variations of the 
process employed; some of these terms are butt, flash, spot, seam, and shot 
welding. Butt and flash welding are used to join the ends or sides of 
tubes, bars, sheets, or similar parts in raw or partly finished condition. 
In butt weldftg the pieces are pressed together, and an electric current is 
passed from one piece to the other, causing a slight melting at the ends 
and a resulting union of the two pieces. In flash welding, used particu- 
larly for welding sh^ts and stamped parts, the pieces are drawn apart 
slightly after the current has been applied, and the resulting arc fuses the 
surfaces to be joined. Pressure is then applied to complete the union. 
Many specialized machines have been developed to produce welded parts 
by the flash-welding process (see Fig. 14.5, P- 207) . Spot welding utilizes 
welding equipment with two electrodes on opposite sides of the pieces to 
be joined. As current flows through the pieces, it heats the area immedi- 
ately between the electrodes to welding temperatures, the pieces being 
joined by pressure applied by the machine through the electrodes. This 
process is used to weld small stamped parts to large ones, for instance, 
bolt holders to enameling sheets in stove manufacture. It is a very rapid 
operation, for, if proper fixtures are supplied, dozens of spot welds can 
be made in a minute. Seam welding is a modification of spot welding, 
used when continuous seams are desired between the metals to be fused, 
the electrodes being wheels that roll over the surface of the metal being 
welded. A modification of the seam-welding process is used in automatic 
welding machines employed in the manufacture of welded steel pipe, which 
is made from coiled strip steel, run over a series of rollers, thereby bent 
into pipe form, and then welded. Shot welding is a specialized type of 
resistance welding developed and patented by one large manufacturer of 
welded equipment, the E. G. Budd Manufacturing Company of Phila- 
delphia. 

The most popular fusion processes of welding are the electric-arc 
atomic-hydrogen and the oxyacetylene methods. In addition to produc- 
tion work these processes are used in portable apparatus for making re- 
pairs on machines and equipment. In the electric-arc process either 
metal-arc or carbon-arc methods may be utilized. In metal-arc welding 
the current passes from a metal rod to the work. The heat of the arc 
causes melting of the edges pf the work and the rod, so that molten metal 
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from the rod is deposited on the work, causing the fusion. In the carbon- 
arc process an arc is formed between a carbon electrode and the work, 
metal being deposited upon the work from a welding rod held in the arc. 
Large plates, large pipes, and tanks are welded mainly by the electric-arc 
process. Oxyacetylene welding utilizes a flame produced by burning a 
mixture of oxygen and acetylene in a blowpipe. This flame can combine 
a wide variety of metals of different grades and characteristics. At times 
a welding rod, which melts at lower points than the metals being fused, 
is advantageous in welding several metals of diverse physical character- 
istics. The oxyacetylene-welding flame can be made to have an oxidizing 
effect by increasing, or a reducing effect by decreasing, the amount of 
oxygen in relation to the acetylene. This flame is most valuable in weld- 
ing metals of varying characteristics, the reducing effect being particu- 
larly desirable in welding rolled sections to castings. 

As a result of the development of surface finishes, together with the 
improvement in steel-stamping processes, welding can be used to give the 
industrial designer, the manufacturer, and the consumer modern products 
with pleasing streamlined effects, in which rounded corners and the ab- 
sence of seams are most important. 

Electric control devices. Behind the fully automatic and semiauto- 
matic machines of today must be the devices which give them their au- 
tomaticity. Some of this automaticity is attained through perfection of 
machine design, including cam arrangement, and some has been achieved 
by hydraulic and pneumatic means, but by far the largest part has come 
from electric controls. The machines are ordinarily actuated by the elec- 
tric motors applied to them, which in turn are controlled by intricate 
devices, timed to provide a means for bringing into play each function of 
the machine at just the right time in relation to every other function. The 
solenoid coil forms the basis of operation of many of these control de- 
vices. Other electrical developments which have come to have general 
industrial significance are the photoelectric cell and the vacuum tube.® 
The photoelectric cell is of particular importance in controlling colors of 
product; the vacuum tube has been utilized in many types of control, such 
as recording the moisture content in the manufacture of paper. In this 
control a rayon ribbon stretched across a tube and held just above the 
paper going through the machine becomes longer or shorter, depending 
upon the moisture in the paper. A radio measuring device in the tube 
transmits these changes in length to a meter, which can easily be read by 
the machine operator; he then makes any indicated adjustments to bring 
the moisture content to normal. 

®See Keith Henney, Electron Tubes in Industry , McGraw-Hill Book Company, 
New York, 1937, p. 498. 
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Courtesy, AlHa-Chalmers Manufacturing Company 
Fia. 10^. With a pyrometer a woman performs an operation for which a man for- 
merly required years of experience to qualify. 

Figure 10,5 shows a woman using a pyrometer to check the heat of 
molten metal. Formerly this function depended solely on the skill ol the 
workman. Today science has established techniques far more reliable 
than the most skilled worker. 
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INSPECTION 

Functions of the inspection department. Inspection is a control func- 
tion. Relatively few persons like* to be checked in their work; hence it 
is important that the objectives of inspection be made clear to all parties 
concerned, or unnecessary frictions tend to develop. The major objec- 
tives of the inspection department are as follows: 

1. To control the quality standards of the manufacturing processes, operative in- 
spection, 

2. To aid in the location of the causes of defective work and cooperatively to assist 
in removing these causes, preventive inspection. 

3. To sort acceptable from defective raw materials or work in process, remedial 
inspection. 

4. To provide management, through properly designed reports, with a picture of 
the quality of the product made, a statement of the quality of the raw materials 
received, and a measure of the efficiency of plant operations, which is often used as 
a basis of payment to the worker. 

The control through operative inspection of quality standards in manu- 
facturing checks on the workmanship of all operations in the plant. This 
control is particularly effective when aimed at preventing future difficul- 
ties. To cooperate with the manufacturing group in the location of the 
causes of defects and to aid in their removal are the highest types of pre- 
ventive inspection^ the ones that pay the largest returns on effort expended 
and the types that are becoming increasingly important in modern indus- 
try. The sorting out of defective work in process or finished products pro- 
tects the good name of the concern, prevents further expenditure on defec- 
tive parts that must be rejected later, and protects the customer in his 
purchase. Remedial inspection is a necessity in plant operations, but the 
amount of this type of inspection decreases in proportion to the effective- 
ness of preventive inspection. To reject raw materials before they are 
started in production is in reality a form of preventive inspection. The 
providing of accurate records of the quality of raw materials, work in 
process, and finished products gives management statistical data for guid- 
ance in operating control and policies. 

Figure 11.1 graphically portrays the interrelationships of the various 
departments with the inspection department. 

141 
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Courtesy, John Z). Colder 

Fig. 11.1. Chart showing the origin of quality control and factors considered in the effective use of quality control. 
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Quality defined. Inspection consists of the measuring of the qualities 
of a product or service in terms of established standards. These standards 
fix in measurable terms the qualities pertinent to a given type of service- 
ability of the product. The quality of a product may be defined as the 
sum of a number of related characteristics ^ such as shape, dimensions, 
composition, strength, workmanship^ adjustment, finish, and color. It is 
obvious that standards of quality should be a matter of record wherever 
possible. If these characteristics are not capable of adequate expression, 
they should be illustrated by a sample of the product showing the desired 
qualities; the product being inspected may then be compared with the 
sample. It is not always easy to describe certain desired qualities, such as 
the abrasive resistance ability of a given tire-tread design. Description 
in terms of a standardized test, such as wearing a given amount when run 
at a predetermined speed for a certain length of time under a specified load 
on a particular describable abrasive track wheel, may be required. 

Types of inspection. Inspection may be classified under at least four 
different headings, depending largely upon the point of view or emphasis 
at the time of classifying: 

1. Remedial and preventive inspection. 

2. Centralized and floor inspection, or a combination of these types. 

3. Materials, work-in-process, finished-product, or final inspection, and functional 
inspection. 

4. Visual and nonvisual inspection, such as inspection of chemical composition, 
tensile strength, ductility. 

Remedial and preventive inspection. Remedial inspection strives to 
detect defects that have already occurred, thus safeguarding the good 
name of the manufacturer as well as protecting the consumer, and to 
eliminate further waste by expending additional work on a defective part 
or product. Remedial inspection or corrective inspection strives to filter 
the good from the bad. Preventive inspection gives special attention to 
the accuracy of manufacturing processes in order to avoid defects and 
waste. Preventive or constructive inspection emphasizes the positive atti- 
tude rather than the negative. Corrective inspection detects parts that 
are defective, and the worker is usually required to repair them on his own 
time or he is not paid for them if they must be scrapped, whereas preven- 
tive inspection often is used in connection with a special incentive for 
quality achievement. Preventive inspection does not necessarily have to 
be tied into any special wage scheme'; neither does remedial inspection. 
The major difference between the two types of inspection is the emphasis 
of one upon detecting defects that have been produced, and of the other 
upon preventing their occurrence. 
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Centralized inspection. Centralized inspection gets its name from the 
fact that items are not inspected at the work place but are brought to- 
gether in a central location for inspection. It does not necessarily follow 
that there will be only one place in a plant where inspection of this type 
is carried on. As a matter of fact, there may even be two or more places 
in one large department where parts are taken for inspection. Centralized 
inspection usually is performed in a place set aside for the purpose, often 
within an enclosure especially adapted or equipped. Centralized inspec- 
tion carries the principle of specialization somewhat further than floor 
inspection, ^nder certain operating conditions and in the case of certain 
products centralized inspection has some outstanding advantages, such 
as the following: 

1. The inspector’s ouf¥)ut should be greater because of better working surround- 
ings, less interference, and increased speed arising from specialization. 

2. It is easier to supervise the inspectors; their tasks may be subdivided, and a 
less skilled type of worker may be used. 

3. There should be less interference with the workers in production and better shop 
housekeeping when the products are not held at the work place for inspection. 

4. Centralized inspection produces more impartial inspection ; at least the inspector 
is not under the strain of rejecting the work of a man with whom he is in personal 
contact. 

5. Centralized inspection facilitates the use of specialized and delicate equipment, 
such as the X-rays, radio amplification, and special lights. 

6. Records of approved and rejected parts, together with the source of each, are 
more readily kept under centralized inspection. 

7. Production control is facilitated when parts pass through a central location, 
where a total count of approvals and rejections is made. 

Although centralized inspection has advantages for certain situations, 
it has also some inherent disadvantages, and in some situations, such as 
the manufacture of heavy parts or products, it may be highly impracti- 
cable. Centralized inspection tends to increase the need to transport ma- 
terial, except when the inspection is performed in the stores department 
or the finished stockroom when these are used. There also is likely to be 
an increased inventory of work in process unless the centralized inspection 
is performed in the stores department or stockroom. It is also apparent 
that centralized inspection is not feasible in progressive manufacturing, 
at least for the parts, although the final product may be so inspected. 

Floor inspection. Floor inspection is inspection of the part or product 
at or adjacent to its place of production. If the volume of production 
justifies an inspector’s remaining in one place, as on an assembly line or 
in a given work center, the inspection is relatively stationary as far as 
location is concerned. Not infrequently, however, an inspector may be 



Ch. 11 


MATERIALS AND PRODUCT INSPECTION 


145 


what is known as a '^roaming inspector^^ and cover a large area. The 
nature of the product, the type of processing, and the inspection itself con- 
trol the movements of the inspector when inspection is performed on the 
production floor. 

Materials, work-in-process, finished-product, and functional inspection. 

This type is often subdivided into inspection of purchased or raw ma- 
terials and manufacturing inspection. The essential characteristics of 
inspecting work in process have been covered under the discussion of cen- 
tralized and floor inspection. A few other observations in connection with 
manufacturing inspection, however, may be in order. 

Inspection problems in assembly industries are somewhat different 
from inspection problems in continuous industries. In continuous indus- 
tries the general problem of manufacturing inspection is to develop good 
quality in the final product. Frequently the purpose of the inspection 
work is to rate the product for quality after it is produced. In continuous 
industries, such as the manufacture of paper, textiles, or chemicals, a de- 
fect in manufacture is likely to make the material a '^second,^^ and there 
is frequently no possibility of correcting the defect. Thus the operation 
of an inspection department in such industries includes preventing defects 
wherever possible, noting defects after they have occurred, and deciding 
whether such defects may be remedied or whether the goods must be 
placed in a lower classification of products or scrapped. 

In assembly industries inspection includes attention to accuracy of 
manufacture and to interchangeability. The American system of manu- 
facture has been established on the basis of interchangeable parts. From 
a production-control standpoint, as well as from the standpoint of the 
assembly operations, this interchangeability of parts in assembled prod- 
ucts is essential in order that specific parts, when started in manufacture; 
need not be designated for specific pieces of final product. Inspection of 
components during the manufacturing process affords the inspection de- 
partment an especially good opportunity to practice ^‘preventive medicine^^ 
in assembly industries. 

One phase of inspection of the finished product remains to be examined, 
namely, the engineering inspection. Certain types of products, such as 
large machinery units, are completely fabricated on the assembly or erec- 
tion floor and accurately tested by technical experts to determine their 
operating characteristics. Large motors, turbines, generators, and simi- 
lar products are thus tested by the Allis-Chalmers Corporation. In some 
instances representatives of the purchaser, particularly in governmental 
purchases, are present at these inspections. Airplanes are usually flight- 
tested, and steamships given trial runs. 
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Functional inspection of parts usually consists of placing the part in a 
skeletonized assembly and operating it to see if it performs the desired 
function. 

Visual inspection merely refers to the method of inspecting. The name 
is self-explanatory. This type of inspection has been sufficiently covered 
in discussions of the other three classifications. 

Location of the inspection department in the organization. As was 
pointed out in Chapter 6, an inspection department should never be made 

directly subservient to the will of those en- 
gaged in increasing the quantity of production.^ 
Unless quality of work is of very small sig- 
nificance in the successful operation of a plant, 
such a scheme for the location of inspection 
work should be avoided. 

If the foreman has charge of inspection work, 
manifestly he cannot be expected to be rigorous 
in his application of manufacturing standards 
and, at the safine time, force quantity produc- 
tion through his department (Fig. 11.2). This 
does not imply that the foreman should not be 
Fig. 112 , Poor location interested in quality; quite the contrary, for 

ment when quality is of foreman IS responsible for the creation of 

any major importance. ‘ ^ quality product. 

If quality is not of extreme importance in an 
industry, inspection forces may be maintained as a staff department 
under the superintendent, as illustrated in Fig. 11.3. This arrangement 
places the foreman in a position of receiving instructions regarding the 
amount and quality of the product to be produced from two sources. 
He must endeavor to correlate his instructions, and, if these instructions 
conflict, the matter will naturally be referred to the superintendent for 
decision. 

If quality is of maximum importance, as in the production of scientific 
instruments or in goods sold mainly on the basis of quality rather than 
the basis of price, the inspection department should be a major manufac- 
turing function directly under the control of the works manager (Fig. 
11.4). The inspection function will thus hold a position analogous to that 
of the purchasing department or the engineering department on the illus- 
trative organization chart (Fig. 6.5). 

Figure 11.5 shows the quality-control system of a large electrical manu- 
facturing enterprise. It illustrates how intimately engineering, purchas- 
ing, and operations are tied together to establish and maintain tech- 





Ch. 11 


THE INSPECTION DEPARTMENT’S OPERATIONS 


147 


nical standards. This chart also shows the progressive inspection from 
raw materials to finished product. 

Figure 11.6 shows the quality-control system of a large steel mill. This 
system also exemplifies the closed inspection cycle with the consumer as 
the end man, both sending and receiving. 



Fig. 11.3. Location of the inspection department when quality is not of extreme 

importance. 



Fig. 11.4. Location of the inspection department when inspection is of maximum 

importance. 

The inspection department’s operations. Sometimes the inspector, at 
the request of the foreman, may instruct the worker in ways to overcome 
defects. In such instances preventive inspection is being practiced. The 
inspection department is an effective aid to the foreman, the planning de- 
partment, the training department, or the methods department, which- 
ever of these directs the methods of operation and the instruction of the 
worker. 

The inspection department should have full control over both inspection 
of purchased materials and parts and inspection incident to production. 
The first control enables the department to maintain the material stand- 
ards which have been set, and the second makes it possible to maintain 
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to. 11 j 6. Chart of the quality control in the Camegie-Illinois Steel Corporation, compiled from data presented in an address by Mr. 
Richard W. Simon before the American Management Association. (See A.MA, Production Series, No. 114.) 
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product standards. Frequently the work of inspection incident to pro- 
duction will closely approximate the type of inspection on purchased 
materials. An instance is the case of a part to be made from soft steel for 
economical working and then to be hardened and tempered to fit it for the 
service requirements of the finished product. This illustration should 
indicate the necessity of an inspection department's having full control 
of all inspection operations. 

When to inspect. The four major problems facing those who are de- 
veloping the operating methods of an inspection department are when, 
where, how much, and how to inspect. A decision concerning when to 
inspect cann(pt be made without considering the importance of quality in 
the product and the possibilities of reworking the product after the various 
operations. It is easy to set up so many quality checks that the responsi- 
bility for quality is , 4 J.ctually shifted from the shoulders of the workers 
and foremen to those of the inspection department. This is psychologi- 
cally wrong, as, even in those industries which have the fewest quality 
demands, the workers should be held responsible for quality within the 
set limits. 

In machining operations of an automatic or semiautomatic nature, parts 
should be carefully inspected after each new setup until they meet specifi- 
cations, They may then be inspected at infrequent intervals just to make 
certain that there has been no change in the setup and that no serious 
variation is arising from wear of the cutting tools. 

As a minimum control, the final product should be inspected before it 
is shipped to the consumer or sent to stock. In certain cases inspection 
should be made after each operation. Between these two extremes lies the 
usual situation. In some industries inspection is so important for the 
ensuing operations and for the maintenance of product standards that it 
must be regarded as a process in the manufacturing cycle just before 
assembly operations. Usually a series of operations can be grouped, and 
the product inspected after the last of this group of operations. After any 
operation in which the worker is not able to measure quality exactly, how- 
ever, inspection must be made. 

Quantity to inspect. In high-quality products or those manufactured 
largely through skill of the worker rather than skill of the machine, much 
more of the product must be inspected than is necessary when the ma- 
chine, once set up, is likely to turn out standard-quality products for a 
considerable time without adjustment. In the latter situation, inspection 
must be made frequently enough to ascertain that the equipment is oper- 
ating satisfactorily and does not need adjustment other than the usual 
adjustment made by the worker on the job. In the former situation, fre- 
quently 100 per cent inspection will be necessary; that is, every unit of 
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product must be inspected after every operation. The more automatic 
the machine, the less attention need be given to inspecting the product 
after the initial inspection of the setup. 

Inspection by sampling. Sampling is a means of greatly reducing in- 
spection costs, provided that proper checks are instituted. While in pro- 
duction, the article may be inspected by checking some of the pieces that 
the worker has just finished, or the product may be inspected in an inspec- 
tion department after the operation has been completed on a given lot. 
On continuous processes, such as those in which process conveyors are 
used, check inspection is made by a walking inspector who may come to 
any point of the line at any time and check a unit of product at any point 
of completion. One method of checking sample inspection is to reinspect 
lots which have already been inspected; another is to have an inspector 
check through a lot which he has already handled, after the lot number 
has been changed so that it will not be recognizable. 

Theoretically, sampling as a method of inspection should not be used 
until the production processes have been standardized and brought under 
control through the elimination of assignable causes of quality variation. 
Investigations have shown that statistical methods provide the best means 
of detecting these assignable causes and make it possible to establish 
limits within which variations in any quality of interest to management 
should be left to chance.^ After the elimination of the assignable causes 
of defects, quality tends to remain within limits of variation attributable 
to chance. Further studies have led to the conclusion that, once this point 
of control has been reached, there usually is no practical advantage in 
further inspection to eliminate chance variations.^ Under these conditions 
detailed inspection may logically be replaced by sampling inspection with 
considerable savings in inspection costs.® 

The adoption of an inspection plan by sampling is based on the premise 
that a certain 'percentage of the output will not conform to the standard 
specifications. An allowable percentage of defective product in any lot 
inspected may be specified in determining between a satisfactory lot 
and a rejected lot. According to the laws of chance, a sample will occa- 
sionally give a favorable indication for a bad lot, resulting in the pass- 
ing of this lot for use in further production or for delivery to the con- 

^See “Applications of Statistical Method in Engineering and Manufacturing,” 
Mechanical Engineering, November, 1932, p. 778. 

2W. A. Shewhart, “Economic Quality Control of Manufactured Products,” Bell 
Telephone System Monograph, BI^, 

« Frank J. Feely, “Quality Control in Manufacturing,” Mechanical Engineering, 
October, 1935, p. 641. 
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sumer.* This is often called the ‘^consumer^s risk.” In addition to the 
consumer's risk there is another variable, namely, a value for the average 
percentage of defective product that will generally exist in any accepted 
lot over a long period of time. This variable is known as the ^^average 
outgoing quality limit” and is defined numerically as the probability of 
passing any lot submitted for inspection which contains the previously 
determined tolerance number of allowable defects, 

A third factor essential to the design of a workable sampling scheme 
for inspection is a knowledge of the average percentage of defective parts 
existing in the product submitted for inspection. This factor, known as 
the ^^incomiii^ process average,” is obtained from inspection records of 
previously inspected lots and is an estimate of the expected quality under 
normal conditions. (See Fig. 11.7 for an inspection form from which this 
information is collected.) The extent of fluctuation from the incoming 
process average indicates the control or lack of control during processing 
and is of vital importance in considering the size of the sample required.® 

It should be acknowledged here that in actual practice much of the 
inspection by sampling is not based upon scientific use of statistical proc- 
esses but rather upon empirical judgment. This accounts in part for some 
of the turmoil in which inspection departments and producing units fre- 
quently find themselves. 

The number of inspectors needed. It is obvious that a continuous- 
process industry producing a single product will require less inspection 
than a jobbing type of industry producing many types of quality products. 
Institutions producing a high-quality precision type of product also require 
more inspectors than the same general type of industry producing a lower- 
quality product. Again, if a special-purpose machine is used where 
volume justifies, the product requires less inspection than the same item 
manufacured by general-purpose machines. It is true that the special- 
purpose machine itself may require more checking and maintenance than 
the general-purpose machine, but the maintenance group is not usually 
classified with the inspectors. The organizational setup may also influence 
the number of inspectors required. Where the direct supervisory force is 
adequate to keep a close check on the quality of production, the amount 
of inspection necessary to measure quality is reduced. Modern precision 
equipment and techniques have greatly reduced the number of inspectors 
required to maintain the quality desired. 

^H. F. Dodge and H. G. Romig, Method of Sampling Inspection,” The Bell 
System Technical Journal, October, 1929, p. 628. 

^ See John D. Colder, Quality Control in Selected Industries, p. 70 (unpublished 
thesis, Northwestern University, 1939). 
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Assembly-line inspection. An inspector may be stationed at the end 
of the assembly line not only to inspect but also to count the number of 
good pieces for which credit will be given. If any parts are thrown out 


INSPECTOR'S DAILY REPORT 




for defects, it is the practice to require the line to make the repairs with- 
out extra compensation. This arrangement encourages worker inspection 
as the processes are carried on. On an intricate assembly line, such as a 
motor assembly, however, there must be floating inspectors who inspect 
periodically at the end of one or more of a group of operations. 
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Inspection techniques. The operation of the inspection department is 
facilitated through the development of inspection standards which are 
known to all concerned. These standards should be in writing if possible 
and should indicate the most frequent causes of defects in manufacturing. 
The standards should be specific in listing requirements, but these require- 
ments should be reasonable in order to secure the cooperation of the pro- 
duction organization. 

Manufacturing tolerances should be set up with great care in order that 
unnecessarily high precision and attendant high manufacturing costs will 
not be required. Carefully established tolerances will prevent the waste 
of unnecessarily high precision. The tolerances should not be regarded 
as the dimension or quality to aim at. Many manufacturers have fre- 
quently made the mistake of working to limits, with large rejections as 
the result; in other jyords, they have aimed at the outer circle of the 
target, rather than at the bulPs-eye. Rejects of valuable parts should be 
reinspected, perhaps by line-production men, to determine if it is worth 
while to try to save the units by a special manufacturing process. 

On machined parts ^^go and no-go^^ gauges that are set at the proper 
limits provide a quick way of checking the parts without gauge adjustment. 
Many devices can be set up in the inspection cage or on the inspection 
bench which will determine positively whether a part is good or bad with- 
out elaborate adjustments. (See Fig. 11.8 for a variety of gauges used in 
industry.) 

An inspection department may be organized by having in charge of each 
operation, department, or unit of product highly qualified inspectors who 
are responsible for that portion of the work and who report to a chief 
inspector only on matters of broad inspection policy. Instead, the depart- 
ment may be organized so that a large number of inspectors with meager 
authority do the physical work of inspection, call the attention of chief 
inspectors to defects, or have their work checked by chief inspectors. This 
system is particularly applicable in large companies which must have 
inspection departments with a rather large personnel. 

Mechanical aids used in inspecting. Figure 11.9 illustrates a special 
inspection device for inspecting a mass-production part. This particular 
equipment gives ten dial readings at one time. Similar mass-production- 
inspecting equipment may be constructed for almost any part where the 
volume justifies the cost involved. Inspection aids vary in complexity 
from the simple plug gauge all the way to the complicated machine for 
inspecting camshafts (Fig. 11.10) and the X-ray machine. 

The different types of inspection equipment may for convenience be 
divided into five groups, namely, production gauges, automatic testing 
equipment, the X-ray, electrical devices, and laboratory equipment. 
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I. Gauges, The manufacture of interchangeable parts requires precise 
duplication of these parts within established tolerances. By far the most 
common form of device used in measuring conformity to standards is 
the gauge. In the metal trades in addition to the micrometer, familiar 
to students of high school physics, gauges may be classified according to 



Courtesy, Federal Products Corporation 
Fig. 11.9. Mass-production diameter gauge. 

their purpose: working gauges, inspection gauges, and master gauges. 
Working gauges used by the workmen in performing the operations are 
limit gauges for checking each step as it is performed. Inspection gauges 
are used by process inspectors to check the product before its final as- 
sembly with other parts or before sending it to stock. 

Plug gauges are among the oldest and simplest tools used in inspection. 
They consist of pieces of metal turned to the maximum and minimum 
dimensions. It is customary to incorporate these two dimensions into 
one gauge to facilitate rapid inspection, thus producing a two-step plug 
gauge. Inspection consists of inserting the gauge in the hole and observ- 
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ing the fit. Profile or contour gauges perform a function similar to that 
of the plug gauge but measure contours. Figure 11.11 illustrates a con- 
tour gauge for checking the cross-sectional area and contour of a railroad 



Courtesy, **SteeV* 

Fig. 11.10. Electrically operated automobile camshaft tester at Ford Motor Com- 
pany Rouge Plant, Dearborn, Mich. 


rail. Figure 11.12 illustrates the multiplying lever indicating gauge, the 
principle of which has been adapted for many types of operations and 
processes, from checking the thickness of a given part already processed 
to checking the product during continuous operations, such as gauging 
the thickness of fabric as it is being rubberized while going through a 
calendar. Master gauges are the gauges which are used for checking 
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working and inspection gauges. These gauges are accurate to a very 
high degree and usually consist of discs or blocks ground to exact dimen- 
sions. They are used to check the operating gauges by having the pro- 
duction gauge check the dimensions of the known master. 

Automatic testing equipment. Automatic testing equipment has 
made remarkable progress since the introduction of the photoelectric cell. 
Some applications of its use to industrial inspection are as follows: detec- 
tion of fine cracks in polished surfaces, inspection of storage battery caps 
for vent holes, control of enamel thicknesses on wire, rejection of dull 



Fig. 11.11. A simple contour or profile gauge. Fig. 11.12. Multiplying 

lever indicating gauge. 


razor blades, color measurements, and the calipering of steel balls. Other 
uses of this mechanism include the grading of cigars and tile, the detec- 
tion of missing labels on canned goods, the inspection of tin plate, and 
the matching of false teeth. 

The electrically operated camshaft tester (Fig. 11.10) used by the 
Ford Motor Company at its Rouge Plant is an excellent example of 
mechanical inspection. Twenty-five different measurements must be 
checked by this machine. If any of these measurements made by the 
machine exceed the plus or minus tolerances of 0.00025 inch in some 
places and 0.0001 inch in others, the spot is marked, and the shaft is 
discharged through a chute so that it is separate from the approved cam- 
shafts. 

Another illustration of the application of scientific knowledge and 
mechanical ingenuity is the device used by the Timken Roller Bearing 
Company of Canton, Ohio. Figure 11.13 graphically portrays the Tim- 
ken Profilograph. This Profilograph, using a ray of light, can accurately 
measure in terms of a millionth of an inch (0.000001 inch) variations in 
surface finish. 
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3. The X-ray. The X-ray machine is usually associated with the medi- 
cal or dental profession or the research laboratory. In recent years, how- 
ever, its practical manufacturing use has been demonstrated in detecting 
flaws in materials not discernible by ordinary visual or gauging tech- 
niques. Its most extensive use at present is in connection with the exam- 
ination of steel and iron castings and rolled steel sections for internal 
flaws. Such defects can be detected before expensive operations are 
performed on these parts. 
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Courtesy, Timken Roller Bearing Company 


Fig. 11.13. Profilograph for measuring the smoothness of the mirrorlike surface of a 
bearing. (A ray of light from a fixed source is directed through a tiny slot and 
focused on the mirror by means of a special lens. This ray is reflected by the mirror 
and strikes a sensitized sheet of photographic paper mounted on a revolving drum, 
thus automatically making a permanent record. As the diamond point moves up and 
down on its hinge, following the variations in surface finish on the specimen being 
examined, the mirror tilts and the ray of light moves up and down over the sensitized 
paper, leaving a record on the photographic paper.) 


4. Electrical devices. Electrical test sets are used extensively in the 
electrical and automotive industries. Their prime purpose is to test the 
electrical characteristics of a component part or to check the proper 
action of the final assembly. In the electrical industry, for example, 
they are used to check the proper winding of armatures and field cores. 
The stroboscope is a device which enables an inspector to study the 
action of an object moving at high speed to determine any irregularities 
due to vibrations, eccentricities, or defective parts. By its use a given 
tooth of a saw revolving at 7200 cycles per minute can be studied as if 
it were standing still. 

B, Laboratory equipment. Almost every type of laboratory equipment 
is used somewhere in industry for inspection purposes. Chemical analyses 
of almost every description are used in some process controls, as also are 
tests for physical characteristics, such as hardness and tensile strength. 
The steel industry makes use of both types of tests. The rubber industry, 
particularly in its compounding and curing operations, makes extensive 
chemical tests. 
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CHAPTER 12 

THE FACTORY. BUILDING AND PLANT LAYOUT 

Plant Layout 

The general approach. Plant layout is vital both in processing and in 
effective storage of materials. An enterprise constructing a new building 
may well provide an ideal layout for the manufacturing process, with 
due regard for flexibility, and then erect the building around this layout. 
The nature of the terrain and the available land area may make it impos- 
sible to build the factory in keeping with this ideal layout. Nevertheless, 
the essential features of the desired layout nearly always may be secured 
by making the building higher, if ground space does not make possible 
the long straight-line conveyors sought. It is true that a multiple-story 
building is more expensive, but this factor is not controlling, so far as 
an efficient layout is concerned, provided that the same plot of ground 
is to be used anyway. The plant is primarily constructed for the purposes 
of housing manufacturing processes and of protecting materials and the 
finished product from the ravages of the elements. 

The size of the department. A few companies have adopted the small- 
department idea as the basis of their layout. A limit is set, beyond which 
a given department is not allowed to grow. When the work of a depart- 
ment grows beyond the limit set, another department is created under the 
same roof to do the same work but under different supervisors. The 
layout in many new buildings provides for such division in the first 
instance. This plan promotes more adequate supervision. One foreman 
or superintendent cannot carry in mind the details of operation of more 
than a certain number of machines, a certain number of operators, or a 
certain number of units of product. Regardless of how much he may 
delegate his responsibility, he may have more work (although not neces- 
sarily more functions) than he can handle. To avoid this complication 
similar operations may be split into several departments under the con- 
trol of different foremen, whose relationship to the remainder of the 
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factory organization is exactly the same as if the work were being 
carried on in one department. The element of competition between like 
departments is a valuable feature of this plan. Some companies separate 
all overhead by competing sections, even installing separate electric 
meters to measure the power used by the several departments, 
factors that influence the plant layout. The type of industry , the 
quan tity of product ion, the ty pe of produc t, the typ e of operation s, and 
the ty pe of worke r must be considered in determining the final plant 
layout. The industry may be either a continuous or an assembly type. 
A continuous industry is one in which all the material is received at one 
point, from which successive operations turn it into a finished product, 
as in yarn spinning and paper and pottery manufacture. An assembly 
industry is one in which the finished product can be produced only after 
various components have been made and then brought together for final 
operations, such as the manufacture of shoes, clothing, and automobiles. 
In factory layout this difference is significant. Some continuous indus- 
tries are synthetic; that is, the product is obtained by bringing together 
various ingredients which are combined in the manufacturing process, 
as paper manufacture or yarn spinning. Other continuous industries are 
analytical; that is, the product is obtained by successive processes that 
separate the final product from the mass of original material. All refin- 
ing industries, such as oil and by-products of coke, are of this nature. 

Assembly industries are also of two types: (1) those in which the 
components are similar and go through similar operations, as, for instance, 
the clothing industry; and (2) those in which the components are dis- 
similar and go through unlike processes, as, for instance, the automobile 
industry. 

The type of worker is a fundamental consideration, particularly in the 
employment of women workers, where many decisions concerning factory 
layout must be changed because of the requirements of these employees. 

The type of product, that is, whether the product is heavy or light, large 
or small, liquid or solid, is another fundamental consideration in plant 
layout. Although the manufacture of spark plugs and locomotives both 
involve assembly work, layout problems differ materially. Layout prob- 
lems in any plant in which the product can be flowed, either by gravity 
or by pumps, from one operation to another, as in flour or sugar manu- 
facture, differ from those in which work in process must be handled by 
hand, conveyor, or truck in moving from one operation to the next. 

Certain types of operations make it imperative that they be considered 
first in making layout plans. Such are wet operations, as leather tanning 
or textile dyeing; operations involving heavy machinery, as large hy- 
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draulic presses; and operations which involve fire risk, as the manufacture 
of powder or linoleum. 

One other factor markedly influences plant layout, namely, the type 
of manufacture — whether repetitive operations on standardized products, 
usually involving mass production, are involved, or whether many unlike 
operations on nonstandard products, frequently referred to as job-lot 
manufacturing y is required. The industry that manufactures in large 
quantities a relatively few standardized products may be laid out on the 
so-called straight-line or product basis as well as the functional or process 
basis, whereas the job-lot type of industry is almost of necessity largely 
on the functidi^l basis. 

Balance in departmentsrand operations. Balance provides for the elimi- 
nation of limiting or bottle-neck operations, at the same time avoiding 
excess equipment for ^y operation. This is of particular importance in 
continuous-production plants. It is essential that the capacity of each 
department or of each machine working on each operation be sufficient 
properly to absorb the production of prior operations and to transmit 
to following operations sufficient product to keep the equipment fully 
utilized. Any other plan involves increasing inventories of material in 
process; overtime work, with its attendant increased costs; and general 
confusion, including utilization of expensive factory floor space for mate- 
rial tied up while in process. 

There is no formula for determining the proper balance in equipment, 
especially in job-lot manufacturing. Experience and careful analysis of 
previous performance are the best guides. A change in process or design 
may destroy an ideal balance. Balance is a goal toward which manage- 
ment is ever striving, but which requires constant vigilance to approxi- 
mate and retain. 

Production centers. Production centers should be provided within the 
departments. Instead of the worker and his machine being considered 
the unit for which space must be provided, each worker tending a group 
of machines or each machine tended by a group of workers should be 
looked upon as a production center. The production center includes the 
workmen, the machines, space for storage of raw material and completed 
units from the operation, supplementary apparatus of any kind needed 
in the performance of the operation, and a share of the aisle space re- 
quired between this production center and the next (Fig. 12.1). The 
importance of the machine as the basis of production in modern industry 
frequently makes a factory floor a succession of similar production centers. 

Layout by product, or line layout. Layout by product implies that 
operations are performed in a sequence and that the product is assembled 
or worked upon as needed (Fig. 12.2) . A theoretically perfect layout by 
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product would be one in which all parts, subassemblies, etc., would be 
started at just the right time to be ready when needed and would keep 
moving until the final product would be removed from the end of the 
assembly line. It is self-evident that no such processing would be prac- 
tical save in a very simple product. Direct-line or straight-line layout, 
as it is sometimes called, is almost never found in industry in its pure 
state; however, it is the most popular type of layout in mass production. 



Courtesy, International Detrola Corporation^ Detroit 
Fig. 12.1. Production center. 


The ideal of straight-line layout can be attained most nearly in quantity- 
production plants producing standard products, but even then it is com- 
plicated by the following factors, which are always present in plants 
producing diversified products: 

1. The necessity of placing all operations in the production line on the basis of cer- 
tain considerations, such as the type of product or operation. Thus, many operations 
must have special light, such as cloth examining in clothing plants or wool sorting 
in woolen yam plants, where the light should come from the north. Tanning vats 
in tanneries should be placed on solid ground because of their weight and the wet- 
ness of the operation. 

2. The performance of two or more operations by the same worker, as in felling 
operations in the clothing industry. If each part moves quickly and is easy to 
handle, it may prove cheaper to move the material than to move the worker. 

3. The use of the same machine on more than one operation in the process. It 
may be inadvisable to provide two machines, particularly if one operation will not 
keep one machine continuously employed. 
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Fig. 122 . A roller conveyor for assembling instruments. 
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Because of special conditions continuous compromise with the ideal is 
often necessary in striving for direct-line layout. Direct-line layout is 
applicable either to a single floor of the factory or to the building as a 
whole. 

The central idea behind layout by product is a continuous flow of 
materials in process toward the flnished-product stage. In summary, the 
advantages of layout by product^ are as follows: 

1. Facilitation of the use of material-handling devices and conservation of floor 
space. 

2. Minimization of “back hauling” and internal transportation. 

3. I'endency to eliminate bottle-necks when properly adjusted. 

4. Shortening of the manufacturing time from the first operation to the finished 
product. 

5. Facilitation of production control. When a product is once started along the 
line, it is difficult for it to be sidetracked. 

6. Reduction of the work-in-process inventory. 

7. Some reduction of the finished-product inventory, since production control is 
more complete and promises to customers from production are more reliable. 

Some of the disadvantages of layout by product are: 

1. Decreased flexibility. Changes in the product may require an entire rearrange- 
ment of the layout. Job lots are difficult, if not impossible, to handle. 

2. Increased investment in equipment. A machine may be required to perform a 
certain operation in a given sequence, and the quantity of work to be done will not 
keep it busy. 

3. Frequently greater difficulty in expanding production beyond the capacities of 
the lines in layout by product than in functional layout. Within the capacities of 
the lines in layout by product, however, considerable flexibility is achieved by adding 
or taking off workers and adjusting the conveyor speeds accordingly. 

4. Greater difficulty in securing specialization in supervision.^ There may be only 
one spot-welding operation on a line, while there is a great deal of electric welding 
somewhere else in the shop. 

Layout by process. Layout by process or functional layout is charac- 
terized by the assembling of similar operations in one place; for instance, 
all drilling is performed in a drill-press department, and all electric weld- 
ing is done in the electric-welding department. This type of layout 
carries out the functional idea of Frederick W. Taylor. It has much 
to commend it for job-lot manufacturing or the manufacture of non- 

1 Layout by product does not require straight-line processing, even though the term 
is often used. It merely implies continuous processing. Modem conveyors will turn 
corners and go from one floor to another. 

^ See Franklin E. Folts, Introduction to Industrial Management, McGraw-Hill Book 
Company, New York, 1938, pp. 245-265 for the case of Simonds Saw and Steel Com- 
pany. 
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standardized products. The advantages claimed for layout by process 
are: 

1. Greater flexibility, in that changes in operations and the sequence of operations 
seldom involve a change in layout. 

2. Easier adjustment to changes in volume of production, especially when it is 
necessary to add equipment. 

3. More ready adaptation to special needs arising from certain types of equipment, 
such as the protection of workers against exhausting fumes or the flashing of light 
in electric welding. 

4. More complete utilization of equipment, and hence a lower investment in equip- 
ment. 

5. Better utiMttktion of the skill of the workers by following the principle of spe- 
cialization. 

6. More effective use of specialized abilities of supervisors. 

The functional laydbt is strong where layout by product is weak, and 
weak where product layout is strong. It is seldom that an industrial 
enterprise of any magnitude is laid out solely on either a functional or 
a product basis. Many organizations, however, are predominately of one 
type or the other. 

The disadvantages of functional layout are essentially the same as the 
advantages of the product type of layout: 

1. Greater difficulty in automatic material handling and need for more floor space 
for the same volume of production. 

2. Excessive back hauling of materials in process. 

3. More time required to make the same product. 

4. Greater difficulty in production control. 

5. Excessive work-in-process inventory. 

6. Tendency to increase the finished-stock inventory if the same service to cus- 
tomers is given as is accomplished under product layout. y 

Short moves. The transportation of material from one work center 
to another should involve as short a move as possible. Space should not 
be saved in a factory, however, at the expense of men or materials. Such 
economy results in a subsequent loss of production per worker far more 
costly than a comfortable layout would have been. Figure 12.3 shows 
the manner in which the Caterpillar Tractor Company stores materials 
immediately adjacent to the first operation. Machines are arrayed so 
that the finished product of one operation may be passed to the next 
operation with a minimum of handling. 

If operations are so arranged in standard production that material can 
be handed or sent in chutes from one worker to another (see Fig. 12.4), 
the ideal of short moves is achieved. The same result is often accom- 
plished when the worker receives his work from a moving conveyor and 
places it back on the same conveyor, from which the worker on the next 
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operation takes it (see Fig. 12.5). Workers on assembly lines can be 
placed as close together as material-storage conditions permit, but greater 
flexibility is achieved by having the original line provide for space 
between workers, which can be filled in later as operations change or 
production increases. 



Courtesy, Detroit Steel Products Company 


Fig. 12.3. Interior of plant of Caterpillar Tractor Company, Peoria, 111. (Monitor 
roof over crane way for material handling, saw-tooth roof over manufacturing floor. 
Heavy material located immediately adjacent to first operation. Short moves and 
adequate material handling.) 

Short moves increase in importance as a layout factor if the product 
is heavy and unwieldy. Conveying apparatus, however, has greatly 
decreased the cost of long moves and has in effect practically put machines 
or departments at a distance from each other in direct line. 

Internal transportation. Adequate aisle space is the first and most 
important factor in adequate internal transportation. The aisles must be 
sufficient for all trucking requirements and must be kept clear, possibly 
by painting white or yellow lines upon the floor (see Fig. 12.6), Main 
aisles must be considered separately when space is calculated for pro- 
duction centers. Material handling is such an important phase of modern 
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industrial operations that this subject is treated more extensively in 
Chapter 13. 

Service centers. Service centers include the toolrooms, storerooms, 
dressing rooms, restrooms, and lavatories that form a necessary part of 



Courtesy, General Motors Corporation, 
Truck and Coach Division 

Fig. 12.4. Connecting rods slide from one operator to another. 


every plant. The shorter the distance from the operations to these cen- 
ters, the less time will be consumed by workers going to and from their 
work places. It is advisable to have the restrooms separate from the 
locker and dressing rooms wherever possible, particularly for women 
workers. As a rule, the service centers should be in those parts of the 
premises where the light is least desirable. Frequently, it has been found 
possible to place the service centers on balconies between floors. This 
is naturally a big space-saver as well as a convenient arrangement as 
far as proximity to the processes is concerned. Another good arrange- 
ment for these centers is to place them in divisions of the process or in 
natural divisions between buildings or parts of the same building. In 
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this way these centers are brought into close proximity to the entrances, 
exits, and elevators (see Fig. 12.7). 



Courtesy, ^'Automotive Industries** 


Fig. 12.5. Moving partly machined camshafts by overhead conveyor at the Ford 
Motor Company Rouge Plant. (This company pioneered this method of handling 
materials between operations. When the worker needs a piece on which to perform 
his operation, he merely reaches up and takes one. When he is through with his 
operation, he places the piece once again on the conveyor line, which threads through- 
out the department.) 

Some Illustrative Plant Layouts 

The principles of plant layout may be more readily understood if a 
few typical examples are described. 

Binder twine mill. The International Harvester Company’s McCor- 
mick Twine Mill in Chicago has a plant layout which is an excellent 
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example of the straight-line or product type. It is essentially a pure 
type of layout by product, since the entire plant is devoted to the manu- 
facture of one highly standardized product. The raw material is un- 
loaded from the freight cars into the raw-material storage room, from 
which the material is drawn as needed for production. Figure 12.8 is a 



Courtesy, ** Automotive Industries** 


Fiq. 12.6. Mezzanines and final assembly, Chrysler Plant, Detroit. (Subassemblies 
on the mezzanine are carried by conveybr to the floor below. Note storage of mate- 
rial in trucks and tote boxes adjacent to the proper operation.) 

simplified flow chart of the sequence of operations from the time the raw 
material is received until it is shipped. The- plant has five stories in the 
manufacturing division. The first, second, fourth, and fifth floors are 
devoted to preparation and spinning, and the third floor is devoted ex- 
clusively to spinning. There is excellent balance in equipment, and the 
material moves as effectively as is possible in a five-floor building. 

Wallpaper-printing layout, a problem in balance. Balance is some- 
times difficult to obtain in continuous-line production. Figure 12.9 shows 
two arrangements for printing wallpaper. The top arrangement portrays 
the continuous flow of the raw material until it is wound up in small rolls 
ready to be bundled and shipped to the consumer. In order to make 
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Fig. 12.7. Layout of spinning floors, Worsted-yam Plant, James Lees & Sons Company. 
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Finished Twine Going Out Raw Materials Going In 

Courtesy, International Harvester Company, Chicago 

Fig. 12.8. Flow chart of McCormick Twine Mill, International Harv^ester Company, Chicago, 111. 
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effective use of manpower in a multi-line plant the work of each man 
is arranged to cover the same operation on four lines of equipment. Since 
it takes several hours to change from one style to another, in practice the 
worker is attending only three machines at a time, the fourth one being 
down for a change-over. This arrangement of the men is satisfactory 
for all operations except the final one of tending the automatic roller, 
which requires the constant attention of one man. The automatic rolling 
machines can be operated at a higher speed than most of the others. It 
has therefore been found efficient, particularly when running the slow- 
speed (high-quality-production) setup, to remove the embossing and 
automatic roiling machine from the line and to perform these operations 
in a separate unit, as shown in the lower left-hand corner of Fig. 12.9. 
When this is done, the rolls come from the main line in the form of 
^^Jumbo^’ reels, whichp^ are transported to the embossing and rewinding 
unit to be rewound into the small consumer rolls. These small rolls are 
then bundled into units of fifteen or twenty-five and transferred to stock 
awaiting shipment. This breaking up of the continuous process gives 
better loading of the mechanical equipment and is more efficient for the 
short runs and the slower speed production, even though an additional 
operation is involved. 

Making the layout. It is important to have complete information at 
hand before the actual layout for a plant is made. Such information 
includes size of production centers; sequence of operations or flow chart; 
size of storerooms needed for raw materials and partly finished and 
finished products; space needed for toolrooms; auxiliary equipment; 
office and production-department requirements; aisle space; recreation 
rooms; service centers; boiler- and engine-room requirements; and all 
other similar departments or facilities. Every square yard of space re- 
quired should be estimated before final plans are prepared. Future 
expansion must always be borne in mind, and provision made for it. A 
frequent mistake is failure to provide for expansion or to provide enough 
space to care for future needs. 

An excellent procedure in making a layout is to cut small scaled 
templets of cardboard or paper representing each machine or group of 
machines in the process. These should be laid on an outline plan of the 
building drawn to the same scale. (See Fig. 12.10 for an actual illustra- 
tion from the General Electric Company.) By this means the almost 
invariable changes and shifts in plan may be made without expensive 
and time-wasting drafting work.® These shifts are almost always neces- 

8 Mr. H. K. Ferguson of the H. K. Ferguson Company, Cleveland, Ohio, in an 
address before the American Management Association, November 15, 1939, in Chi- 
cago, reports: *^My own high mark to date is the making and testing of thirty-four 
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sary. It is best to proceed very cautiously, watching at all times for 
unexpected difficulties. When the templets are completed and approved, 
the whole may be transcribed to blueprints. 



Courtesy, General Electric Company 

Fig. 12.10. Using templets to make a plant layout. 


Frequently models of equipment and machines are used in making 
layouts. Figure 12.11 illustrates such a layout of the Westinghouse 
Electric Corporation, East Pittsburgh Works. Such models give a three- 
dimensional effect. 

alternate layouts for one plant, before arriving at the one, and only one, extremely 
simple and clean-cut arrangement which most nearly harmonized the ideal and the 
practicable layout in all particulars.” 
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Courtety, Weatinthoute Electric and Uanufacturing Company 
and “Factory Management and Maintenance” 


Fra. 12.11. Three-dimensional layout. 

The Factory Building 

The ideal modern factory building is developed after all processes are 
thoroughly considered and related one to another and to the plot of 
ground which is available. The building is then designed to house these 
processes. Flexibility in a factory building is a highly desirable objective. 




Ch. 12 


PLANT INVESTMENT 


177 


Changes in process and product are constantly taking place. Therefore, 
although a building should be suitable for the purpose for which it is 
constructed, it should not be too highly specialized. 

The factory building is the primary tool with which to carry on produc* 
tion and into which all other production tools and mechanisms must fit. 
Like all other tools, the factory building must be adapted to the opera- 
tions to be performed if these operations are to be most effectively carried 
on. Defects in factory-building construction are often so primary and 
organic as to make it almost impossible to remedy them after the building 
is constructed and production has begun. Hence building defects are 
often of more continual importance than many disorders in other phases 
of management, which can be made to respond to executive treatment. 
An ineffective plant creates a burden in the daily operations of the busi- 
ness. 

Plant investment. A desire to increase plant investments may arise 
from several sources, a few of which are the following: 

1. Management desires to have the newest; that is, there is pride in ownership. 

2. The present plant is not well adapted to the needs of the manufacturing process. 

3. Sales are in excess of the productive capacity of the present plant. 

4. Freight rates for the finished product to certain market areas are excessive, and 
it is thought advisable to locate a plant, usually an additional one, in the market area. 

Although a desire for the newest is commendable, it is not justification 
for permanent commitments in buildings unless these buildings will yield 
returns commensurate with the expenditures involved. This principle is 
essentially sound even though funds are available for the expenditure. 

If the present plant is not well adapted to the manufacturing process, 
costs should be compiled to see if the expected manufacturing advantage 
will justify the increased expenditure. Frequently it will not. It is sel- 
dom good judgment to build during the peaks of business prosperity, since 
costs are always excessive. It is difficult for an aggressive management 
to vote down new construction after several prosperous years, yet this is 
most often the most opportune time to postpone additional commitments 
in buildings. 

Building a new plant in another area should not be undertaken without 
a careful economic survey to check the advantages against the additional 
costs. Building additional plants in another area raises again nearly all 
the problems of management, such as methods of control, availability of 
managing personnel, and expectancy of continued sales volume. It re- 
quires much more than available funds to riin successfully more than 
one plant. A shortage of trained executive personnel may readily be the 
controlling factor in deciding not to expand at a given time. 
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One of the most difficult managerial problems is to strike a fine balance 
between investing the available capital in fixed building assets for ulti- 
mate return and in the more immediately needed current assets. A safe 
rule is to consider the plant in the light of a production tool. If the 
purchase or rent of the new plant may reasonably be expected to yield 
an increased income over and above all expenses with due regard, in case 
of purchase, for possible changes in both the product and the process, 
then and then only should the step be given further consideration. This 
rule will eliminate many unwise ventures. 

Size and type of factory building. The selection of a given size or 
type of fact^ty building is dependent on many considerations, such as 
the application of idealgK)f layout and the location which has been chosen 
for the factory. Frequently the selection of the plant location will be 
partly dependent upon factory layout. For instance, if it is determined 
that a series of small, scattered units is preferable to one large plant, 
most certainly a suburban location would be carefully scrutinized before 
being selected, since small plants as a rule are better adapted to the cities 
or larger towns. The type of building to be erected and the ground space 
to be occupied are very likely to affect location. As in most management 
decisions involving policy determination, it will be found that there must 
be an interrelationship of the factors concerned, and that location, layout, 
and size and type of factory buildings are closely associated. 

The factory-housing problem is very closely associated with the prob- 
lems of organization. A basic change in the method of housing an enter- 
prise generally results in necessary changes in the construction of the 
organization in order that supervision may be made most effective. 
Conversely, a change in organization may at times make it desirable that 
certain physical aspects of the factory building be modified. For instance, 
if it is decided to place several departments under the control of one 
superintendent, it is desirable that these departments be so located that 
the superintendent may be accessible easily to the foremen of the depart- 
ments and that he in turn be able to visit the foremen without the loss of 
too much valuable time. 

Building types. In suburban or smaller-city locations, where land is 
relatively cheap, the one-story plant is often favored, particularly if 
heavy machinery be used in the processing or if the materials or products 
are heavy. The maintenance cost arising from the vibrations of machin- 
ery operations is largely eliminated in the one-story building, the ma- 
chinery being set on especially prepared foundations. 

Layout problems for processing heavy materials are simplified when 
consecutive operations are placed at adjacent work places. This arrange- 
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ment can be accomplished more readily in one-story structures (Fig. 

12 . 12 ). 

Some departments grow more rapidly than others, and the extent of 
this growth often cannot be foretold at the time of laying out the plant. 
The one-story plant provides greater flexibility in meeting this condition. 
Furthermore, provision for the use of natural lighting can be more readily 
made in the one-story than in the multi-storied plant. 



Fig. 12.12. One-story saw-tooth roof building of Paulsen and Nordon, Inc. (Design 
and construction by the Austin Company.) 


Figure 12.13, illustrating the plant of the Westinghouse Air Brake 
Company, indicates the manner in which different types of structures are 
utilized in the same plant to provide necessary housing for the diverse 
foundry and machine-shop operations of this particular business. 

The lowest cost per square foot of floor space can usually be secured 
through the use of three- to five-story structures if the ground is rela- 
tively high in value. Otherwise the lowest cost may be found in one- or 
two-story structures. With the addition of stories above five or six in a 
factory employing many workers, the cost per square foot of usable space 
is likely to increase rapidly, because the effective area is reduced by the 
service features, such as stairways, firetowers, and elevators. The cost 
of foundations and the space occupied by supporting columns also in- 
crease with the number of stories. When light material, such as hosiery, 
is handled, a multi-storied building is usually preferred (see Fig. 12.14) . 
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Multi-storied buildings have distinct material-handling advantages where 
goods can be moved by gravity (see Fig. 13.9, p. 189). 

Types of building construction. A simple classification of the various 
kinds of building construction is as follows: 

1. All wood or typical light-frame. 

2. Structural steel with hollow tile, brick, concrete, or corrugated metal walls. 

3. Reinforced concrete. 

4. Slow-burning, heavy wooden or mill construction. 



Courtesy, Stone d Webster, Jnc, 


Fia. 12.13. Westinghouse Airbrake Company, Wilmerding, Pa. (A large plant using 
a variety of types of building construction. Note the saw-tooth roof in the lower 
right-hand corner and the monitor roof in the front just to the left of the center.) 

The structural steel building has the skeleton of steel and the walls and 
floors of some other suitable material. The reinforced-concrete building 
is built of concrete and reinforced throughout with steel. The building 
with mill construction has heavy wooden columns, joists, and other struc- 
tural members. It was popular when wood was plentiful but is seldom 
used today. Adequate sprinkler systems must be provided for protection 
against fire.^ 

The construction used in partitions greatly influences the flexibility of 
the plant. The tendency is to have as few supporting columns as possible 
and not to use partitions as a part of the building support. In this case, 
room partitions and fire walls are often built of hollow tile which can 
easily be removed and rebuilt as changes in layout require. 

See Femstrom, Elder, Fiske, Schaefer, and Thresher, Organization and Manage^ 
ment of a Bitsiness Enterprise, Harper and Brothers, New York, 1935, pp. 244-252, for 
a good discussion of building construction. 
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Determining the size of a factory. It does not always follow that 
operations must be carried on at one location merely because distinct 
advantages are inherent in large-scale operations. There are many 
advantages in the huge multi-acred plant which has come to be looked 
upon as typical of the new industrial day. On the other hand, there are 



Courtesy, Owens-Illinois Glass Company 
Fia. 12.14. Multi-storied modem building of the Mergenthaler Linotype Company, 

Brooklyn, N. Y. 


small plants which not only are able to compete with their huge rivals 
but also frequently produce larger returns per dollar of invested capital. 
How is this possible in these days of large-scale production, integration, 
and control of markets of raw material and finished products? The answer 
lies almost entirely in the management problems involved in operating 
the large, plant in contrast to those involved in operating the small plant. 
The small plant has certain very definite management advantages which 
have caused managers of large plants to ask, “How large should a fac- 
tory be?” 

There is a difference in the personnel problem in the large plant and 
in the small one. No matter how effective the organization or leadership 
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in large plants, it is impossible for the worker to be in actual contact with 
the men really running the plant. Many management devices have 
been instituted for the single purpose of minimizing this impersonal rela- 
tionship so far as possible. The close relationship between the head of 
the organization and the worker, which has passed so largely out of indus- 
try with the coming of the big corporation, has fostered the survival of 
many small companies. 

Under present economic conditions depressions seem to be inevitable. 
This fact should influence the size of the plant. Businesses which have 
several plants are enabled to shut down one of them entirely at such times. 
Businesses liftit have but one big plant must shut down a portion of that 
plant. This course means that the workers throughout the organization 
are affected because of the shutdown of one small section of the business. 
They see other men^nd women thrown out of work, and they naturally 
ask, ‘^Are we next?” or ^^Shouldn’t we decrease our production so that 
there will be enough work for all of us?” Although knowledge concern- 
ing the partial or complete shutdown of a plant may reach other plants 
of the same company that are still running and may affect production 
slightly in an unavoidable way, the effect is far less than that resulting 
from the shutdown of a portion of the same factory. 

Industries manufacturing large or heavy products with nation-wide 
distribution are always face to face with the freight-rate disadvantages 
inherent in one large plant, no matter how central its location may be. 
One of the best examples of a method of coping with this problem, and 
one that has been largely emulated, is the Ford organization. The loca- 
tion of assembly plants in many parts of the United States, with the 
product shipped to them from the main factory in knocked-down condi- 
tion, and the consequent saving of the freight involved proved so success- 
ful that the idea was imitated by other automobile companies and other 
lines of industry. Similarly, in the steel industry more or less rough 
shapes are shipped to locations near the big cities and are there worked 
over or “fabricated” in accordance with the needs of the local community. 



CHAPTER 13 


MATERIAL HANDLING 

Material handling, which constitutes one of the largest items of cost in 
modern manufacturing, can be reduced somewhat by proper layout, as 
through the use of assembly lines (see Chapter 12), but it cannot be 



Courtesy, "Automotive Industries^* 


Fig. 13.1. Handling car doors, Oldsmobile Plant, General Motors Corporation. 

wholly eliminated. Modern material-handling methods have reduced 
these costs greatly, but further economies through the use of improved 
mechanisms will doubtless make these savings only a beginning in the 
near future. The United States leads all the other countries in the world 
in the use of mechanical devices for handling material. This leadership 
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is due in part to our mass-production industries and in part to high labor 
costs, as well as the desire to remove drudgery from the work process. 

Some material-handling devices promote improved layout by connect- 
ing widely separated parts of the factory (see Fig. 13.1) ; some improve 
the technique of the process itself ; some make possible an increase in the 



Courtesy, Jones and Laughlin Steel Corporation 


Fig. 132. Lift truck moving a 20,000-pound coil. 

weight and size of the unit of production (see Fig. 13.2) ; and some assist 
in shipping the final product (see Fig. 13.3). 

The first developments in mechanical handling included overhead 
cranes, jib cranes, and locomotive cranes. Overhead cranes still play an 
important part in material handling. Figure 13.4 shows a craneway in 
the Chrysler Corporation, Dodge Division. It will be seen that in this 
craneway freight cars are brought directly within the building, and their 
unloaded cargo can be transported to any part of the bay by the cranes. 
The floor is at the level of the car doors. In heavy manufacturing the 
selection of a site that allows railroad tracks to be placed through build- 
ings, and railroad freight cars to be spotted at any desired point, from 
which the material may be handled by cranes, is important. Layout of 
buildings with due consideration for the permissible curves of railroad 
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Courtesy, Mathews Conveyor Company 


Fig. 13.3. Loading freight cars at the plant of Shredded Wheat Company, Niagara 

Falls, N. Y. 



Courtesy, Chrysler Corporation, Dodge Division 
Fig. 13.4. Loading and imloading dock inside the building. Note the overhead crane 
and the fact that the height of the floor is even with a freight-car door. 
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tracks is a vital factor in material handling within such plants (see Fig. 
13.5). 

Mechanical unloading devices, such as those illustrated in Fig. 13.6, 
constitute an important means of saving labor in material handling. In 
the conveying of bulk goods, such as lumber, and package goods, such as 



Courtesy, W estinghouse Electric and Manufacturing Company 
Fia. 13.5. Layout of Westinghouse Electric and Manufacturing Company, South 
Philadelphia Plant, Lester, Pa. Note the railroad tracks. 


those in Fig. 13.3, standard equipment may be used, the only needed 
adaptation being the securing of proper lengths. 

Tiering machines (see Fig. 13.7) and other equipment for handling 
materials and products in the storeroom are an essential part of such 
departments. Not -only do such devices save labor, but also they allow 
the materials to be stowed to a greater height. 

Plant layout and material handling. In planning a new plant the lay- 
out is of prime consideration in outlining the program for material han- 
dling. A reciprocal relationship exists between plant layout and material 
handling. The method of handling materials definitely influences the 
plant layout, and the plant construction and layout limit the method of 
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handling materials. When materials are moved by hand-operated or 
power trucks (see Fig. 13.2), aisles must be provided for their use (see 
Fig. 12.6) . When materials are moved by overhead cranes, as is largely 



Courtesy, Mathews Conveyor Company 

Fia. 13.6. Three-rail, gravity conveyor, handling lumber at the Mox Lumber 
Wrecking Company, Los Angeles, California. 

the case in the A. 0. Smith automobile-frame plant of Milwaukee when 
they are not being moved as a part of the continuous fabricating process 
on the conveyors, aisles are largely missing, but the overhead space must 
be unobstructed. When materials are moved by pipe lines or ducts, as 
paint is in automobile-body plants (Fig. 13.8) and shavings and sawdust 
are in woodworking plants, provision must be made for these methods of 
transportation. Multi-storied buildings may require elevators or lift- 
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Court€$y, Union Metal Manufacturing Company, Canton, Ohio 
Fio. 13.7* Tiering truck stacking skid boxes that have floor>channel runners. 



Courtesy, **BteeV* 

Fig. 13.8. Circulating paint to spray booths through pipes illustrates a modem mate- 
rial-handling method in automobile-body plants. Standardized materials, as well as 
lower handling costs, result. 
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conveyors of a different construction than the material-handling equip- 
ment needed in a single-story building in which the same operation is per- 
formed. Gravity may be utilized in moving materials in a multi-storied 
building or one built on a sloping grade (see Fig. 13.9) . Modern material- 
handling techniques make possible a continuous flow of materials and 
work in process between buildings and from one floor to another, thus re- 



Courtesy, Walgreen Drug Stores 


Fig, 13.9. Spiral chute. 

moving restrictions of space and building construction that formerly han- 
dicapped the industrial engineer's plans. The ideal processing sequence 
may now be visualized and, by applying known techniques, may be largely 
realized in spite of serious handicaps of building construction. 

Processing and material handling. Material handling is an integral 
part of the manufacturing process in many instances of modern mass pro- 
duction. In the cement industry and in flour mills, simple conveying de- 
vices have been an essential part of the process fof many years. The 
meat-packing industry was one of the first to use mechanical conveyors 
to support the product while operations were performed upon it (see 
Fig. 13.10) . Such conveyors change the process from an intermittent to 
a continuous one and provide for constant utilization of labor and equip- 
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ment. This use of material-handling equipment is well illustrated by the 
continuous assembly and testing of washing machines, radios, and other 
products. 

The automotive industry was one of the first to apply mechanical proc- 
ess conveying of materials on a large and varied scale. This industry 



Courtesy, Westinghouse Lamp Company 


Fig. 13.10. Meat cutting on a conveyor. (150-watt white bowl lamps with RLM 
Reflectors produce 12 foot-candles on the table. Adequate light is needed for this 

hazardous operation.) 

does its processing, whenever possible, as the material moves (see Fig. 
13.11) and has applied mechanical handling to all phases of material 
handling (see Fig. 13.12). The moving-chain conveyor and its counter- 
parts play important roles in determining rates and costs of production in 
this industry. The lowering of prices and consequent enlargement of the 
market which accompanied the use of process conveyors in the automotive 
industry is an outstanding development of manufacturing in the twentieth 
century and has encouraged other industries to endeavor to perfect similar 
production economies. 
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The mail-order houses in Chicago were the first to apply the principle 
of material handling to the filling of orders. As a matter of fact, material 
handling is as completely developed in the mail-order business as in manu- 
facturing. Many mail-order men claim that the automobile industry 
learned some of its techniques from them. In the mail-order business 



Courtesy, Buiok Motor Division, General 
Motors Corporation 

Fig. 13.11. Buick automobiles rolling off the assembly line. 


orders from the customers are opened by a group of order readers seated 
along a conveyor. 

Much of the heavy manual labor in foundries nas been eliminated by 
the use of material-handling devices. Although common labor has not 
been eliminated entirely, it has been greatly reduced. Figure 13.13 illus- 
trates the application of hoppers in this industry. In the Buick Foundry 
(see Fig. 13.14) intake and exhaust pipes are turned out at a speed un- 
dreamed of under the old hand-operating methods. For large-volume 
production of castings the Allis-Chalmers Corporation of Milwaukee has 
also introduced conveyors for the pouring of molten iron into the molds. 
Figure 13.15 illustrates material handling in the steel industry. The 
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application of the process conveyor in other industries is shown in Fig. 
13.16. 

Figure 13.17 illustrates a simple chute type of conveyor used by the 
General Motors Corporation to transfer tires from the balcony to the 
automobile assembly line. 



Courtesy, General Motors Truck and Coach Division 
Fig. 13.12. A simple chute that works. 


Another method of transporting materials is shown by Figure 13.8. 
This is an ultramodern method of bringing the automobile paint from the 
paint-storage and mixing room to the spray booth.^ Automobile body 
doors are transferred from the door department to the body lines by over- 
head conveyors, as is illustrated in Fig. 13.1. Figures 13.18, 13.19, and 
13.20 show interesting devices for handling materials. 

Although process conveying is the outstanding feature of material han- 
dling today, great strides have been made in other methods of handling 

^The principle of piping materials is used extensively in external transportation. 
Gasoline is piped all the way from the oil fields of the South to Chicago. Natural 
gas is also piped from the South to Chicago. 
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materials that have not been mentioned spccificially. Material handling 
by modern methods is an important factor in the lowered production costs 
of mechanized industry. Road building and the entire construction in- 
dustry make extensive use of mechanical devices for this purpose. 



Courtesy, the Perfect Circle Company, Hagerstown, Ind, 


Fig. 13.13. Overhead hopper or bin for sand in the foundry-moulding department. 

Material handling between plants. Long-body trailers are familiar 
sights on the roads between Detroit, Pontiac, and Flint. Haul-away auto- 
mobile trucks are seen in many parts of the United States. To handle 
body stampings and other automobile parts the Ford Motor Company 
has specially equipped freight cars in which they ship supplies to the 
Chicago assembly plant from Dearborn. In many cases they have found 
it cheaper to return these cars to Dearborn empty rather than to dis- 
assemble the special supports, braces, and clamps that hold the parts in 
place. Special consideration is given to the design of parts that make up 
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the finished product, their transportation from central manufacturing 
plants to the various assembly plants being kept in mind. It is no exag- 
geration to say that material-handling techniques have definitely influ- 
enced plant location in some industries. The Ford Motor Company 
makes extensive use of water transportation between Dearborn and 
Chicago during the lake-transportation season. 



Courtesy, **Automotive Industries^* 


Fig. 13.14. Moulding machines for moulding intake and exhaust pipes, together with 
material-handling equipment, Buick Motor Car Company, Flint, Mich. 

Volume of production and material-handling methods. As in machine 
operations, the volume of production of a particular article or type of 
article is often a controlling factor in the method adopted for handling 
material. A conveyor may be too expensive to use for handling small 
volumes, from the standpoint not only of invested capital but also of labor. 
It is often necessary to have one operator load a conveyor and another 
one remove the item conveyed. This arrangement is frequently used in 
spite of automatic unloading devices. The automatic unloading device 
will remove the article from the conveyor, but it seldom stores it away. 
Some articles cannot be allowed to pile up on each other. Another situa- 
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tion arises when certain items are produced in sufficient volume for me- 
chanical conveyors to be used, but other similar items in the same plant 
cannot be thus efficiently handled. For instance, in its Chicago plant the 
Ford Motor Company dips its black fenders in paint by means of a con- 
veyor but dips other colors, not run in sufficient quantities, by hand. In 



Courtesy, **SteeV* 


Fig. 13.15. Handling coils of wide strip steel at the beginning of mpdern continuous 
pickling machines. (The crane and magnet drop the coils on the conveyors, which 
take them to the tilting table. From there they are skidded to the decoilers and then 
are fed through the continuous pickling tanks.) 

one plant automobile seat cushions may be assembled on a moving con- 
veyor, and in another plant owned by the same company these same 
cushions may be assembled on benches because of the lower volume of 
production. 

Material handling and the worker. It is not unusual to find that a 
particular article can be moved as quickly or even more quickly by man- 
power than by some mechanical means, yet a mechanical method is used 
to reduce the physical strain on the worker. Sometimes a machine oper- 
ator obtains his material and returns the finished product to a central 
place not because these jobs can be done better by him than by mechanical 
means or by a special trucker^ but as a means of breaking the monotony 
of his work or reducing the fatigue of sitting in one position for too long 
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a period. This practice is frequently followed in the clothing industry, 
such as in making men^s clothing. 

Material handling and the industrial engineer. One of the first places 
that the industrial engineer looks for savings is in the method of handling 
materials. The plant and process engineer give this important item care- 



Courtesy, Wright Aeronautical Corporation, a division oj 
Curtiss-Wright Corporation 

Fig. 13.16. A conveyor in a mass-production machine shop. 


ful attention in their initial plans. The present science of engineering has 
reduced material handling to such a simple subject that it is easy to find 
a suitable method for handling almost any item. Material handling re- 
quires careful study of each situation rather than the application of a 
single method to fit all situations. The manufacturer of material-handling 
equipment usually can combine stock items into a multitude of variations 
to meet almost any requirement. Writing in the October, 1945, issue of 
Factory Management and Maintenance, Walter F. Eitel listed the fol- 
lowing items to be checked before making changes in material-handling 
methods: 

1. Can purchased material be furnished to operator in original shipping con- 
tainers? 
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Courtesy, General Motors Corporation 

Fio, 13.17. Tire chute conveyor from the balcony to final assembly in one of the 
General Motors automobile assembly plants. 
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2. If not, can vendor change containers? 

3. How often is material handled from receiving dock or a previous opera- 
tion until used again? 

4. Does operator lose much time handling material to and from operation? 

6. Does this loss affect the line balance? 

6. Are the containers best suited for the purpose? 



Courtesy, the Ohio Electric Manufacturing Company 
Fig. 13.18. An electric magnet lifting a heavy load of steel. 


o. Are they too large and heavy? 

5. Are they too small, with not enough capacity? 

c. Are they difficult to pile? 

d. Is it necessary to remove material from container and place in hopper ? 

e. Could this be avoided? 

7. Would it be advantageous to have a stockman? 

8. Should material be handled in lots? 

9. Should material be handled in units? 

10. Are trays, hangers, or racks needed? 

11. Are they of proper design? 

12. Does operator have to wait for stock? 

13. Should chutes be provided? 

14. Should a conveyor be installed? 

15. If so, for what purpose is the conveyor desirable? 
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a. To supply material? 
h. To store material ? 

c. As assembly conveyor? 

d. A combination? 



Courtesy, Allis-Chaltners Manufacturing 
Company 


Fio. 13.19, A high-lift electric truck with the forks on a swivel can mechanically 

dump the skid box. 


16. What type of conveyor is most suitable? 

а. Roller conveyor? 

б. Belt conveyor? 

c. Bench conveyor? 

d. Monorail conveyor? 

e. Gravity conveyor? 

/. Chutes? 
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17. Should a truck be used? 

0 . Hand truck? 

b. Power truck? 

18. Is handling of scrap satisfactory? 

19. Is handling of oil and compound satisfactory? 

20. How often is the finished product handled before it is ready for ship- 
ment? 



Courtesy, Automatic Transportation Company, 

Chicago, III. 

Fig. 13.20. The power-driven “Transporter” enables a woman to handle heavy loads 


of castings. 



CHAPTER 14 


MACHINES AND EQUIPMENT 

The age of machinery. Our present era has been successively called 
the machine age, the age of electricity, and the chemical age. Each of 
these names characterizes a phase of the material culture that seemingly 
was in the ascendency at the time of its use. There is a great measure of 
justification for each of them, although basically the machine age is more 
truly expressive of the real situation than either of the others. The utili- 
zation of electricity, the chemical achievements of the present, and the 
possible utilization of nuclear energy rest solidly upon man^s ability to 
multiply his efforts through the instrumentality of the machine. 

Watt clearly demonstrated the principle of the steam engine several 
years before he was able to construct a producing machine, for the very 
simple reason that there were no machines sufficiently accurate with which 
to make either the cylinder or the piston. The steam engine had to await 
the development of a boring machine before it could become a reality. 
The same situation exists today. The marvels of electricity are dependent 
upon the ability to make the motor generators that produce the current. 

Machine tools. Machine-tool manufacturers produce the machines that 
are used in making the production tools and dies needed for manufactur- 
ing consumer goods. The basic tools used in making production machines 
are the lathe, shaper, planer, drill press, milling machine, and more re- 
cently the precision grinder. It is also true that these same machines are 
used with special adaptation for production purposes. The manufacturers 
and their workmen are master craftsmen, working with close tolerance 
and great ingenuity. The great Allis-Chalmers Manufacturing Company 
at Milwaukee produces gigantic production equipment used in industry 
(see Figs. 14.1 and 14.2). Its operation would be impossible without the 
marvelous machine tools with which to work. 

The plant as a machine. As was pointed out in Chapter 12, in mass 
production the plant itself is frequently a giant machine made up of a 
series of synchronized individual machines. The automobile-frame plant 
of the A. 0. Smith Corporation in Milwaukee is probably the best illus- 
tration of the plant as a semiautomatic machine. Strip steel is unloaded 
from the freight cars by machinery, is inspected for gauge, width, and 
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length by machinery, and progresses through these many operations with 
the hand of man seldom touching it. Even the thousands of rivets used 
daily are inserted in their holes automatically through pneumatic tubes, 
into which they are fed automatically through a hopper. As the frame 
moves from station to station along the conveyor, the riveting machines 
move into position, clinch the rivets, and again move back out of the way 



Courtesy, **SteeV* 


Fig. 14.1. Casting weighing 152,000 pounds for the bed of an upsetting forging ma- 
chine being machined on a planer at the Allis-Chalmers Manufacturing Company, 

Milwaukee, Wis. 

until the next frame comes into position, when the riveting machines again 
repeat the cycle. It is truly a plant operating as an automatic machine. 

Standard equipment. Equipment may be. thought of as everything, 
except material, with which the worker is provided to aid him in the per- 
formance of his task. The building itself is a most important phase of 
equipment, but usually it is not referred to as such. Equipment ordinarily 
includes all apparatus assigned to production centers at which employees 
work, including workbenches or machines, and all tools, either separate 
from the machines or fitted into them as particular jobs are to be done. 
Standardization of equipment, like that of tools, is important, not only 
as a basis for rate setting but also because of the economies of utilizing 
equipment best suited to its task. 
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Standardization of equipment tends very definitely to reduce mainte- 
nance costs in that the maintenance workmen become more familiar with 
the peculiarities of standardized machines, and the inventory of repair 



Courtesy, Allis-ChalmerB Manufacturing Company 


Fia. H2. A 40-foot boring mill showing riveted spiral casing for a hydroelectric unit. 
The size of this machine can be appreciated by comparing the spiral casing with the 
height of the man standing in the center. 

parts that must be carried for emergencies is reduced. This inventory 
factor is no small item. It manifests itself in two ways. In the first place, 
if the machines are too varied, the keeping of repair parts becomes so com- 
plicated and costly that an adequate supply of parts will seldom be on 
hand. When this situation prevails, breakdowns become very costly, since 
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production will be tied up unnecessarily or overtime has to be paid. In 
the second place, if adequate repair parts are kept, the total number is 
much greater for varied machines than for standardized ones. 

Economies of production are realized by the use of standardized equip- 
ment. Men become accustomed to working with a given type of machine 
and can be transferred from one to another with relatively little loss in 
efficiency when the machines are standardized. This fact contributes to 
flexibility in the use of manpower. 

It should not be inferred that standardization of equipment requires 
all machines of the same general type to be alike. As far as practicable, 
however, all machines performing the same identical operation should be 
alike. A six-inch production lathe will be used where the work requires 
this size, and a twelve-inch lathe where the work requires that size. Occa- 
sionally a six-inch operation may be performed on a twelve-inch lathe 
when the other machines are in use. The matter of balance in the selection 
of equipment is not always easy. At one time a department may be in 
perfect balance as far as sizes and types of machines are concerned and 
a year later, when conditions have changed, be out of balance. 

Working toward standardized equipment. Improvements are con- 
tinually being made in both the machine tools and special-purpose produc- 
tion machines. When a manufacturer decides to standardize his equip- 
ment, he may be faced with the problem of what to do with his present 
equipment. The economies gained occasionally will justify standardiza- 
tion even at the cost of selling the old equipment at whatever price it will 
bring. Often this is not the case, yet it does not preclude a definite de- 
cision to standardize. Instead of replacing at one time all the present 
machines with the type decided upon for standardization, the desired 
equipment can be installed gradually as the older equipment is worn out. 
It may take some time to complete the standardizing process, but this 
goal is one toward which good management strives. 

Special-purpose equipment versus standard machines. Standard ma- 
chines, such as the lathe, grinder, planer, shaper, and drill press, have cer- 
tain very definite advantages over special-purpose machines. ^^Standard,^’ 
in the sense that it is being used here, refers to the general-purpose ma- 
chine. (It is possible to standardize the production of special-purpose 
machines.) A few of the advantages of the standard or general-purpose 
machines are as follows: 

1. Less initial investment in equipment. The standard machines usually cost less, 
largely because they are produced in larger quantities and the cost of engineering is 
spread over a larger number of machines. 
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2. Greater flexibility in the range of the work that can be done. 

3. Possibility of smaller number of machines being required to meet production 
needs, as a result of the increased flexibility (see Fig. 143). 

4. Greater ability to meet requirements of changes in design of the product or even 
a complete change in the nature of the product. 

5. Easier maintenance of balance in the equipment required and less dependence 
upon mass production. 





Courtesy, Oeneral Motors Corporui^tun 
Fig. 14.3. A radial drill being used on a fixture for mass production. The radial drill 
is a general-purpose tool, highly flexible for work that is not particularly repetitive. 

6. Less expensive maintenance, in that repair parts cost less and require less skill 
to install. 

In the case of special-purpose equipment certain conditions must pre- 
vail in order to justify the expenditures necessary for installation. These 
conditions are: 

1. It is necessary that the market for the product be large enough to absorb the 
output of the special-purpose equipment. 

2. The product must be well standardized to make use of the special production 
machines (see Fig. 14.4). 
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3. Style and technical changes should be infrequent or volume should be suffi- 
ciently large to amortize the cost of the equipment in a short time, as in the auto- 
mobile industry (see Fig. 14.5). 

4. It is highly desirable that seasonal and cyclical variations in production be rea- 
sonably low. 



Courtesy, ‘^Automotive Industries'^ 


Fig. 14.4. A ‘‘setup buck,” where five component body parts are welded into a single 
unit. (Specialized production fixtures have attained a maximum of complexity and 
simplicity of operation in the automotive industry. Note the suction pipes drawing 
fumes from the interior as the welding progresses.) Pontiac Motor Company, Pon- 
tiac, Mich. 

5. Sufficient funds must be available to absorb the high fixed capital investment 
(see Fig. 14.6). 

Where most of the foregoing conditions prevail, special-purpose equip- 
ment has many advantages, among them the following: 

1. The quality of the product tends to be more uniform. 

2. Inspection costs are reduced. 

3. A semiskilled operator usually can be substituted for a more highly skilled man. 

4. Output per unit of time is greatly increased, thus reducing the direct labor costs. 

6. Factory floor space is usually less for the same volume of production. 
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6. A reciprocal relationship tends to exist among labor specialization, process spe- 
cialization, and machine specialization. 

7. Unit costs tend to be reduced. 

The disadvantages of standard-purpose production equipment are in 
substance the advantages of special-purpose machines, such as less 



Courtesy, Automotive InSUfttriea'* 


Fig. 14.5. Welding fender halves in a specialized welding machine producing a 90- 
inch flash-welded joint in seven seconds. Pontiac Motor Company, Pontiac, Mich. 

flexibility, increased capital investment, increased maintenance costs, 
greater difficulty in maintaining a balanced relationship in equipment. 
Management is constantly faced with a choice between the general-pur- 
pose machines and the special machines. The volume of production and 
available funds bulk large in the final determination of the problem. 
Frequently a compromise between maximum specialization and general- 
purpose equipment is reached. 

Adapting general-purpose equipment to special-purpose requirements. 

In attempting to compromise between the expense with the attendant 
hazards of extreme specialization of equipment and the low production 
and high direct labor cost of general-purpose machines, some managers 
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have sought to adapt standard machines to special purposes. Probably 
the best-known instance is the machine built by the A. 0. Smith Corpora- 
tion of Milwaukee to machine the fittings for the automobile frame. The 



Courtesy, the Bullard Company 
Fig. 14.6. A 36-inch Bullard Man-Au-Trol vertical turret lathe. When properly 
tooled, this is a high-production special-purpose machine. 


various units of this machine which performed the different drilling, ream- 
ing, tapping, and milling operations were built to be interchangeable with 
each other on the machine base.^ The various operating units of the 

1 See Franklin E. Folts, Introduction to Industrial Management, McGraw-Hill Book 
Company, New York, 1938, pp. 64-66; also Bulletin No. 210, A. O. Smith Corporation, 
April, 1929, p. 13. 
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machine could be assembled in whatever order or sequence the individual 
parts required. This was necessary because all the parts did not have the 
same operations. When the adjustments had been made, the machine was 
automatic. The respective operating units were largely general-purpose 
machines; special bases, however, had to be made for these machines, 
since their manufacturers did not have standard interchangeable bases. 

Another method of approaching the economies of special-purpose ma- 
chines while using general-purpose equipment is to connect the general- 
purpose machines by automatic feeds and conveyors and synchronize their 
operations by some timing device, either mechanical or electrical. The 
machines retain their flexibility, in part at least, and the timing devices 
and fixtures are essentially the only special features, since the conveyor 
equipment is frequently adaptable to various machines. For instance, 
two automatic screw machines have been connected by a take-off, trans- 
fer, and loading device in such a manner as to complete a part as if it 
were being manufactured by one machine.^ 

Changes that have influenced machine-tool design and use. Machine 
tools and production tools are undergoing improvements all the time. 
Part of this advance has been the direct result of research on the initia- 
tive of the machine builders, and part has arisen from changes which they 
have had to meet but for which they were not responsible. For example, 
the carbide tools will stand up under higher speeds, and the machine 
builders had to design their machines to stand up under these new speeds. 
The use of higher-alloy steels of greater strength and the accuracy of 
gear forms have permitted the use of smaller mechanical units of higher 
speed to fulfill the same functions that previously required larger mech- 
anisms. Many manufacturing functions previously requiring machining 
operations are now being performed by other methods or at least with less 
demands on the machine tools. Foundry castings are being produced 
closer to size, thus reducing the amount of metal that has to be removed. 
The same result has been achieved by the improvements in forgings. 
Finishing flat surfaces by coin pressing and producing forms by press work 
or by surface broaching have changed the machining requirements con- 
siderably. Grinding, particularly of rough castings, has greatly reduced 
the amount of metal that was formerly removed by boring, turning, and 
facing. Die casting of parts not requiring great strength has also 
greatly reduced machining requirements (see Fig. 14.7) . With the shorter 
productive cycle greater emphasis has been placed on the nonproductive 
functions that are necessary in machine operations. In some instances 

2 See American Machinist, August 30, 1945, p. 107. 
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these have become automatic or semiautomatic or have been appreciably 
reduced by mechanical helps. 

Amortizing equipment costs. In order to improve quality new expendi- 
tures will frequently be incurred with the hope of placing the product 
in a better competitive position, even though the equipment may not 
show any direct manufacturing 
economies in the immediate pres- 
ent. The same situation holds in 
connection with improving work- 
ing conditions which involve 
either safety^ health. However, 
most expenditures are carefully 
checked against the anticipated 
savings in manufacturing costs. 

If special-purpose machines are 
to be used in the manufacture of 
a product having a high style 
factor, it is customary to require 
that the machine pay for itself 
in a relatively short time, espe- 
cially during the expected life of 
the particular style for which it 
was designed. In the automobile 
industry the special tools, dies, 
and fixtures are expected to pay 
for themselves during the life of 
the current model, which is usu- 
ally one year. On the other hand, 
the more general-purpose equip- 
ment is expected to pay for itself 
during its effective life. General- 

purpose equipment in this sense does not have to be in universal but 
must be in general use in the particular industry. For instance, the 
gigantic press shown in Fig. 14.8 is in reality used in relatively few 
industries, yet its reasonable life expectancy in the automobile industry 
is not less than ten years. Likewise the large Keller die-cutting machine 
shown in Fig. 14.9 has a relatively long life. 

Standardization of work place. Work places may or may not include 
machinery, depending upon whether the operation is performed by hand 
or machine. In machine operations the work place is largely determined 
by the nature of the machine. In tending spinning frames or looms, the 
work place does not usually include a chair as part of the standard equip- 



Courtesy, Precinion Casting Company 
and ** Automotive Industries^* 

Fia. 14.7. Die-cast automobile radiator 
grilles. 


Ch. 14 


STANDARDIZATION OF WORK PLACE 


211 


ment, because the nature of the operation does not give the worker much 
opportunity for sitting down. In many cases, six, eight, or more looms 
are attended by a single operator, and the job consists largely of walking 
from one to another and seeing that everything is running smoothly. On 
the other hand, when standard machines work on products which allow 



Courtesy, *^8teeV* 

Fig. 14.8. Eight-hundred-ton press used in shaping rear panels for sedan bodies at 
Ford Motor Company Rouge Plant, Dearborn, Mich. 

the worker to remain seated, the seating arrangements become a portion 
of the standard work place. 

Standardized work places come to be of particular value in hand work, 
such as the assembly of small products. Figure 14.10 illustrates a stand- 
ard workbench for the assembly of typewriters. Each of the small parts 
that goes into the final assembly has its particular compartment, built to 
fit. These compartments are so arranged that the article may be removed 
by the left or right hand, depending upon the sequence of operations while 
it is being assembled, or which hand should carry it to the assembly. 
Small screws and nuts are conveniently held by standard parts-carrying 
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boxes that fit into the top of the assembly bench. Motion economy some- 
times requires that the same small part be in two positions on the bench 
if it is used in more than one place and is picked up and handled by both 
hands simultaneously, or possibly in a different sequence. 



Courtesy, ** Automotive Industries** 


Fig. 14.9. Die-making on a large scale with the Keller die-cutting machine. This 
huge die for one-piece body top is made of nickel-chromium iron with alloy steel in- 
serts at wearing parts. The cutting tool of the Keller machine is guided by the finger 
which passes over the mahogany master model, above the die. Kocstlin Tool and 

Die Corporation, Detroit. 

Figure 14.11 shows a slightly different type of standardized arrange- 
ment for assembling small parts to be sent to the assembly line. 

Standard equipment other than machines. Equipment to hold parts 
for assembly has been developed by many companies to fit their particu- 
lar needs. Figure 14.12 illustrates such a box, utilized at the Philadelphia 
plant of the General Electric Company in the assembly of small switches. 
Several parts, usually 25, are provided for each lot being manufactured. 
If one part, for instance, a screw of a particular size, is used twice in the 
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Courtesy, Kollstnan Instrument Division, Square D Company 


Fia. 14.11. A work place, showing an operator using an automatic hopper to load 
such parts as screws, pins, and washers into bottles. Racks of bottles are then sent 
to loading benches to be placed in tote boxes. (See Fig. 15.12.) 
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assembly, twice the number of this part is provided. Much study may 
be given the arrangement of the divisions of the boxes, so as to entail the 
least labor in assembling. Another type of box is the standard metal tote 
box, which has been developed to transport material from one operation 



Courtesy, Kollsman Instrument Division, Square D Company 


Fia. 14.12. Loading a tote box, which is just large enough to hold parts for an in- 
strument. These tote boxes are used to get the parts to the operator on the assem- 
bly line. 

to another (see Fig. 14.13). If these boxes are of proper size, they may 
be utilized for a standard number of each part. They are very sightly 
and durable and will nest one into the other when not in use, thus econo- 
mizing in both floor space and labor of handling. 

Standardization of the worker^s chair, particularly of its height, has 
been given much study. In a factory where the work permits sitting, it 
will be found that, if the management has not provided chairs, the work- 
men will improvise seats out of old nail kegs and packing cases or make 
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themselves rough benches or stools. If the chairs are really an aid to the 
work, they should be furnished by the management and, as far as practi- 
cable, should be scientifically standardized and suited to the purpose for 
which they are to be used. In the telephone exchanges the importance of 
a proper chair has been, perhaps, most conclusively shown. Endeavors 
to improve and speed up service have resulted in close attention being 
given to the proper type of chair, and the adjustable-height, back-fitted 
chair that is used in all exchanges today was developed and has become 
an enormous aid in the handling of 
the great traffic passing over the large 
city switchboards. 

The proper height of the work place 
and the chair depends largely on the 
nature of the work. As a general rule, 
on heavy work it is desirable to keep 
the lifting distance small. On the other 
hand, workers seated on ordinary 
chairs should not be required to bend 
too much; or, when the material han- 
dled is quite light, it may be profit- 
able to allow the height of work- 
benches to be determined by the ma- 
chine-bed level of near-by machines. 

Transfer trucks or tables on wheels 
of the same height can then be em- 
ployed, and the bench hands provided with higher chairs. This arrange- 
ment has been found profitable in the finishing department of one large 
paper company and has expedited considerably certain operations that 
must be carried on both on machines and on benches. 

One of the most satisfactory forms of commercial factory chairs is 
illustrated in Fig. 14.14. Chairs are available with broad saddle seats, 
adjustable legs, and close-fitting backs. Footrests may be needed, but 
these can be readily attached. Such equipment is of particular value 
when women are employed, as has been demonstrated through independ- 
ent surveys made by the state departments of labor of New York and 
Pennsylvania and by the General Electric Company., 

Tool standardization. Standardization of tools began with the experi- 
ments of Frederick W. Taylor at the Bethlehem Steel Company on the use 
of that common tool, the shovel. He showed that workmen, to be most 
effective in their work, must have a type of shovel peculiarly suited to the 
material which they are handling. His experiments indicated that a 
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shovel load under ordinary conditions could best be handled if it con- 
sisted of about 21 pounds. It therefore followed that, if the 21-pound 
load is to be secured in all cases, a shovel to be used in iron ore must be 
of a different size from one to be used for ordinary dirt, and a shovel to 
be used in moving coal must be smaller than one used for moving ashes. 



Courtesy, Kollsman Instrument Division, /Square D Company 


Fig. 14.14. A flexible work place. Individual pumps and equipment tables can be 
moved about at will. A single pump failure cannot halt the calibration. Note the 
back rest in the chair. Chairs of this type can be made with adjustable legs for per- 
sons of different heights. 


Despite these experiments, to many people in industry a shovel is still a 
shovel. Frequently no particular attempt is made to see that the laboring 
gang is provided with different types of shovels, based on the material 
being worked on or on what is being done with it. Nevertheless, great 
strides have been made in numerous cases; particularly in the contracting 
business, much attention has been paid to the proper type of shovel.^ 
There are two general kinds of tools used on most jobs: first, the aux- 
iliary tools used in the preparation of the job and its removal from the 

8 See D. J. Hauer, Modern Management Applied to Constrwtion, McGraw-Hill 
Book Company. 
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machine, and, second, the actual tools used as a part of the machine in the 
performance of the operation. To see a high-priced machinist, who oper- 
ates a machine tool on which the overhead machine rate is also high, spend 
fifteen minutes trying to get a bolt ready to hold his work on a machine 
is the best possible argument for the standardization of auxiliary tools 



Courtesy, H. K. Hathaway 

Fig. 14.15. Section of toolroom, showing standard woodblocks stored in standard 

bins. 

and for the practice of storing and issuing them to the workman along 
with the material to be used, as is done with the operating tools. Figure 
14.15 illustrates proper storage of such tools. 

Fastening-tools in machine-shop work may be given much attention, 
not only to insure their being available when wanted, but also to see that 
they are of the right type and are in good condition. Frequently the 
preparation time for operations is almost as long as the time required for 
the operation itself. Therefore, proper auxiliary tools, which are usually 
inexpensive, become real money savers. All industries employ auxiliary 
tools, such as wrenches and screwdrivers, which can be readily stand- 
ardized. 
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The operating tools in a machine shop consist of cutting tools that go 
into the machine and are changed with each type of job put into the 
machine. The composition of these cutting tools varies greatly and was 

completely revolutionized some years 
" '-^-^1 ago with the discovery of high-speed 

steel. New inventions are being per- 
fected yearly, and^it is not at all un- 

\ have a number of types of tool steel 

^ in stock in a shop. However, some 

steps must be taken to insure the 
use of tool steel of the proper grade 
on each job. To leave this selection 
to the workman is to leave it to 
guesswork. Many shops can still be 
found in which tools made from a 
dozen different qualities of steel are 
used side by side, frequently with 
little or no means of telling one from 
another. When one realizes that the 
^ cutting speed of the best air-hard- 

cned steel is, say, sixty feet per min- 
fQj. a given depth of cut, feed, 
and quality of metal being cut, 
whereas with the same shaped tool 
made from the best carbon tool steel 
and under the same conditions the 
cutting speed is only twelve feet per 
minute, it becomes apparent how 
, necessary is careful attention to the 

j utilization of the right tool on the 
right job. Some of the special car- 

Courteay, Carholoy Company, Ino, ^ 

-c, a-j r 1 X 1 boloy cutting tools are immeasur- 

Fia. 14.16. Side view of lathe tools. ^ 

Each tool is machine-ground for a spe- ^bly more efficient than the best- 
cific purpose. known tool steels. Each type of cut- 

ting tool should be used where it is 
best suited to the work to be done. Carbon-steel tools are still used for 
many operations, as in accurate finish cuts. 

Tools are different not only in composition but also in the method of 
grinding. In the past the cutting edge was put on the tool largely by the 
workman at the job, who was accustomed to grind this edge entirely 
according to his own whims and prejudices. It can readily be seen that 
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Courtesy, Carholoy Company, Ino, 
Fia. 14.16. Side view of lathe tools. 
Each tool is machine-ground for a spe- 
cific purpose. 

best suited to the work to be done. 
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to use a tool ground the wrong way is quite as bad a practice as to use a 
tool of the wrong composition. There is a particular shape of tool best 
adapted to each individual kind of work, and the tool should be ground 
at certain definite angles which a long series of carefully controlled ex- 
periments have shown to be best. It is obvious that, if all tools are to 
be ground to these correct angles, the responsibility for grinding them 
must be taken away from the men in the shop and placed in the hands of 
a man in the toolroom who has been provided with adequate tool-grinding 
equipment. Figure 14.16 shows the wide variations found in cutting tools 
used for the same job in one shop, in comparison with a tool for the job 
properly ground to conform to best practice. 
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LIGHT AND POWER 

Light 

General considerations. Good lighting is necessary not only from the 
production standpoint, but also from the social standpoint. Since the 
modern industrial system forces many members of the community to use 
their eyes on close work, it becomes essential from the standpoint of com- 
munity health that industrial lighting be adequate. 

The modern factory building is so designed as to make maximum use 
of natural illumination, but this is not sufficient for multiple-shift opera- 
tions or cloudy days. Artificial illumination has been developed to take 
care of these situations. Scientific research of large electrical manufac- 
turers and of the Illuminating Engineering Society, together with the 
accumulated experience of plant superintendents, has produced artificial 
industrial light to meet the most exacting requirements of manufacturing. 

Defective lighting. The results of the carefully controlled study of 
lighting conditions by the Hawthorne Plant of the Western Electric Com- 
pany in Chicago indicated the difficulties encountered in ascribing in- 
creased production solely to one factor; there is little question, however, 
that defective lighting increases waste, places an unnecessary strain upon 
employees, and tends to decrease productivity.^ In a pamphlet entitled 
^‘Light Conditioning — Industry's New Power,” distributed by the Public 
Service Company of Northern Illinois, Table 15.1 is given to show the 
influence of improved lighting upon production. 

Accidents are increased by improper lighting. ^‘Many factors of poor 
illumination, such as glare, both direct from the lighting unit and reflected 
from the work, or dark shadows, hamper seeing and will cause after- 
images and excessive visual fatigue which are an important contributing 
cause of industrial accidents. Many accidents which are attributed to 
the individual's carelessness can actually be traced to difficulty of seeing/' ^ 

1 M. Luckiesh and Frank K. Moss, The Science of Seeing, D. Van Nostrand Com- 
pany, New York, 1937, p. 157. 

2 See Illuminating Engineering Society, Recommended Practice of Industrial Light- 
ing, p. 15. (This pamphlet is not dated; however, it refers to studies made by the 
Society as late as 1937.) 
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TABLE 15.1 

Effects of Adequate Lighting on Production 

Percent- 


Company — Operation * 

Old Level 
in Foot- 
candles t 

New Level 
in Foot- 
candles t 

age of 
Production 
Increase 

American Metal Works, Philadelphia, Pa., 
turret lathes 

12 

20 

12 

Decorative Lamp and Shade Co., Phila- 
delphia, Pa., metal shop 

3 

15 

18 

Decorative Lamp and Shade Co., Phila- 
delphia, Pa., workworking shop 

5 

25 

21 

Detroit Piston Ring Co., Detroit, Mich., 
grinding and machine work 

1 

14 

26 

Matell Mills, Philadelphia, Pa., splicing 

5 

28 

8 

Philadelphia Sweater Mills, Philadelphia, 
Pa., knitting 

5 

17 

11 

Realart Silk Hosiery, Philadelphia, Pa., 
knitting {night) 

7 

17 

6 

Reid Hosiery Co., Philadelphia, Pa., knit- 
ting 

6 

17 

6 

John Sidebotham, Philadelphia, Pa., loom 

7 

16 

11 

Timken Roller Bearing Co., Columbus, 
Ohio, inspecting 

5 

20 

13 


* Data originally taken from G-E LaSalle Course on Lighting Salesmanship in the 
Fields of Selling, Seeing, Production, Part 4, p. 124. 

t A foot-candle is that unit of illumination intensity which is equal to the direct 
illumination given by a standard candle when placed one foot from the object illuminated. 

Advantages of adequate lighting. The Illuminating Engineering So- 
ciety cites the following advantages of good industrial lighting: 

1. Greater accuracy of workmanship, resulting in an improved quality of product 
with less spoilage and rework. 

2. Increased production and decreased costs. 

3. Better utilization of floor space. 

4. More easily maintained cleanliness and neatness in the plant. 

5. Greater ease of seeing, especially among older, experienced employees, thus 
making them more efficient. 

6. Less eyestrain among employees. 

7. Improved morale among employees, resulting in decreased labor turnover. 

8. Fewer accidents.® 

A uniform level of general lighting makes one part of the work place 
practically as desirable as another, thus enabling the industrial engineer 

® Illuminating Engineering Society, op. dt., p. 7. 
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to make most effective use of floor space. Good lighting has a direct 
effect on the cleanliness of the work place and its maintenance in general 
all-round good condition. As a rule, a dark shop is also a dirty shop; a 
light shop is usually a clean shop. Unquestionably an abundance of light 
in a factory has a desirable psychological effect upon the cheerfulness and 

well-being of the workers and thus 



Courtesy, Westinghouse Electric 
and Manufacturing Company 


Fig. 15.1. A foot-candle light meter. 
(The sensitive cell is in the top, which 
folds down when not in use.) 


tends to reduce labor turnover. 

Requirements of artificial illu- 
mination. The minimum time 
that a normal industry uses arti- 
ficial light during the year is 
twenty per cent of the total work- 
ing hours. To this amount must 
be added that use which is 
constant when adequate daylight 
cannot reach a work place. The 
illumination provided artificially 
should (1) be of sufficient inten- 
sity for the particular operation 
being performed; (2) be diffused 
and not glaring, either directly 
or through reflection; (3) be uni- 
form and not permit marked 
shadows. Absence of glare usually 
results in reduction or elimination 
of marked shadows. The uniform- 


ity of lighting desired depends somewhat upon its application. Diffusing 
of the light source is usually for the purpose of eliminating glare as far 
as possible. 

SuflSciency of illumination. Illumination can be measured in terms of 
foot-candles by simple devices which record the extent of illumination at 
any given point (see Fig. 15.1). The output of electric light bulbs is ex- 
pressed in terms of lumens. One lumen will light a surface of one square 
foot to an average intensity of one foot-candle. The number of lumens 
required to light a surface to any given illumination is the area of the sur- 
face in square feet multiplied by the average foot-candles of illumination 
desired. Table 15.2 lists the number of lumens produced by standard 
incandescent lamps. 

The lamps of higher wattage are more efficient than those of lower 
wattage. In this connection it is also well to note that special bulb shapes 
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WORK ON LIGHT AND DARK MATERIALS 

or finishes lower the efficiency of lamps. For instance, a 40- watt tubular 
lamp has an output 10 per cent lower than a standard lamp.* 


TABLE 15.2 

Lumen Output of Incandescent Lamps ♦ 


Wattage 

Voltage 

Lumen 

Output 

Lumens 
per Watt 

25 

no, 115, 120 

258 

10.0 

40 


440 

11.0 

60 


762 

12.7 

100 


1530 

15.3 

200 


3400 

17.0 

500 


9800 

19.6 


* Source of data: Handbook of hiierior Design^ Industry Committee on Interior 
Wiring Design, 1937, p. 68. 

The amount of illumination intensity required for any given operation 
is a matter of judgment. Where medium discrimination of detail is 
needed, the generally accepted amount of light is 10 to 20 foot-candles, 
with the tendency toward the upper limit rather than the lower. In con- 
sidering the effect on the eyes of insufficient illumination, it is interesting 
to observe that the intensity of light on a clear summer day out of doors 
is from 100 foot-candles in the shade to many times this amount in places 
where there is no protection. Although intensities of 1000 foot-candles 
are impractical from an electrical and cost standpoint with artificial light- 
ing, 50 to 100 foot-candles is needed if fine work requiring much concen- 
tration is to be carried on constantly without undue strain. In general. 
Table 15.3 will serve as a guide to the illumination required for various 
tasks.® 

Work on light and dark materials falls into different ranges of inten- 
sity. Dark and rough surfaces absorb much more and reflect much less 
light than do smooth, light ones. Similarly, the amount of light required 
will be affected by the machinery that is used. Machinery painted black 
will absorb a great amount of light. Machinery painted gray will not 
cause undue reflection of light where it is not wanted and at the same time 
will not absorb nearly so much light. 

Handbook oj Interior Design, Industry Committee on Interior Wiring Design, 
1937, p. 39. 

®For detailed information on industrial occupations, see Handbook of Interior 
Wiring, pp. 48-^61; for office occupations, see W. C. Brown and Dean M. Warren, 
Lighting for Seeing in the Office, General Electric Company, Cleveland, 1936, pp. 
12-13. 
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TABLE 15.3 

Light Requirements for Various Occupations 

Illumination 

in 

Nature of Occupation Foot-candles 

Where discrimination of detail is not essential 2- 5 

Handling material of a coarse nature, grinding clay products, rough 
sorting, coal and ash handling, foundry charging 
Where slight discrimination of detail is essential 5- 10 

Rough machining, rough assembling, rough bench work, rough forging, 
grain milling. 

Where moderaie^Mscrimination of detail is essential 10-20 

Medium bench and machine work, fine moulding and core making, 
newspaper printing 

Where close discrimination of detail is essential 20- 30 

Tool making, weaving, stitching and trimming 
Where very close discrimination of detail is essential 30- 50 

Electrotyping, glass cutting, polishing and inspecting, drafting 
Where discrimination of minute detail is essential 50-100 

Fine bench and machine work, fine inspecting, typesetting, engraving 

Although the quantity of light is very important, it should not be for- 
gotten that this is only one factor in scientific illumination. Other factors 
to be considered are the distribution and quality of the light, contrasts, 
shadows, color, and glare. 



Courtesy, Edison Lamp Works 

Fig. 15.2. Effect of changes in placing light outlets with proper reflectors. 


Glare and reflectors. Glare is of two kinds; glare from the source of 
light, and glare of reflection from bright surfaces. Figure 15.2 indicates 
the manner in which the proper placing of light sources and proper type 
of reflector will eliminate the glare of reflection. Glare arises from 
improper diffusion, from the source of the light being intrinsically too 
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brilliant (more than about 2% candles per square inch), and from the 
angle between the light, the work, and the eye being too small (less than 
about 30 degrees) . 



Courtesy, Libbey-Owens Ford Q-ldss Company 
Fig. 15.3. Ridge Flutex glass used in cove fluorescent-lighting equipment manu- 
facture^ by the Pittsburgh Reflector Company. 



Courtesy, Westinghouse Electric Courtesy, Wcstinghouse Electric 

and Manufacturing Company ana Manufacturing Company 


Fig. 15.4. RLM Reflector. Fig. 15.5. Glassteel Diffuser. 

Indirect and semi-indirect reflectors are not as a rule suited to indus- 
trial use except in offices (Fig. 15.3). In general^ industrial reflectors 
are of three types or variations of these types: (1) the RLM (Reflector 
and Lamp Manufacturer) (Fig. 15.4), (2) the Glassteel Diffuser (Fig. 
15.5), and (3) the High-Mounting Reflector, designed for use in narrow 
interiors, such as craneways to be mounted at least 20 feet above the 
floor. 
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Types of electric lamps. The most popular type of electric light bulb 
is the tungsten-filament lamp which, when used in proper sizes and with 
appropriate reflectors, will provide adequate illumination for most pur- 
poses. Lamps with certain inert gases are generally more efficient than 
those in which the filament is enclosed by a vacuum. Daylight lamps 
and mercury-vapor lamps are also used for special purposes. In pur- 
chasing lamps, the cost per lumen produced over the efficient life of the 



Fig. 15.6. Adequate interior natural light. FrOvSted Aklo glass reduces sun glare. 


bulb should be the governing consideration in determining the particular 
make to be bought. 

Daylight bulbs are used where accurate color determination is needed. 
These bulbs are made of a special blue-green glass that absorbs a part of 
the reddish rays which are excessive in the usual tungsten-filament lamp. 
Since the glass in the daylight bulb absorbs approximately one third of 
the total light emitted by the filament, for efficiency reasons they should 
not be used except when absolutely necessary. 

Special reflectors must be used under unusual conditions. Deep bowl 
reflectors must be used where a deep shielding angle is required to elimi- 
nate glare from the lamp filament, for instance where the mounting height 
is low, less than 8 feet above the floor. For all elevations up to 20 feet 
a white bowl bulb is best; above that height clear lamps may be used. 
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Uniform diffusion. The measure of effectiveness of a lighting system 
is not the brilliance of the source, but the ability of the worker to distin- 
guish clearly and differentiate easily without eyestrain. Extreme bril- 
liance improperly diffused only tends to tire the eyes and confuse the 
vision. Essential in this respect is the avoidance of irritating brilliancy 
or obscurity, the confusing shadows of obscurity being usually a result 
of too great brilliance. All portions of the room must 
be illuminated; there cannot be any dark spots which 
the eye will see and contrast with the brilliant spots 
where light falls. 

Adequate diffusion makes possible ease of discern- 
ment of any object or portion of an object in any plane, 
horizontal or vertical (Fig. 15.6). Although large areas 
of dark shadow must be eliminated, entirely shadow- 
less illumination is not to be desired. Shadowless ob- 
jects are flat and not normal to the eye. 

Shadows are influenced by the spacing and the hang- 
ing height of the lighting units. A broad, spreading cone 
of light, such as is produced by the RLM reflector, al- 
lows a lower mounting height than reflectors which con- 
centrate light within narrow cones. The Glassteel Dif- 
fuser encloses the lamp in a white diffusing glass globe, 
and the porcelain enameled steel reflector has several 
slots through which some light is directed to the ceiling, 
so that there is less contrast between the ceiling and the 
work place. 

Mercury-vapor lamps. In operations where clear definition of surface 
is the outstanding requirement, mercury-vapor tube lamps have been 
used for many years.® Objections have been the high cost of operation 
in comparison to the tungsten-filament lamp, the size of the tube (50 
inches long), and the ghastly appearance given to workers under these 
lights. Special transformers or reactors must be used in connection with 
the mercury-vapor lamp because of the fluctuation in voltage. A high- 
intensity mercury-vapor lamp has been developed that utilizes the stand- 
ard screw base and is much shorter in length (see Fig. 15.7). This light 
bids fair to be an extremely valuable addition to industrial lighting equip- 



CourteBy, Westing- 
house Electric and 
Manufacturing 
Company 

Fig. 15.7. A mod- 
em mercury-vapor 
lamp. 


®The mercury-vapor lamp emits fewer wavelengths of the visible spectrum than 
ordinary filament lamps. The eyes need not continually adjust to obtain the proper 
focus but can confine their efforts to focusing on the reduced number of wavelengths. 
This results in greater sharpness of vision and less fatigue, hence the clearer definition. 
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merit for foundries, spinning mills, small assembly work, composing 
rooms, and other places where close discrimination is needed. 

Installations have been made combining the new mercury-vapor lamps 
with the ordinary filament lamps on a basis of equal lumen output from 
both. The result approximates the natural appearance of colors; how- 
ever, there is still some color emphasis, particularly of the yellows. 

Fluorescent lamps. The fluorescent Mazda lamp is an extension of the 
mercury-vapor principle or other types of “electric discharge” sources. 
Approximately half of the lamp wattage is radiated or accompanies 
the lumens. This characteristic of fluorescent lamps makes them ideal 
sources for the production of high levels of illumination at relatively low 
temperatures. This light can closely approximate daylight and also be 
so constructed as to give many different colors. 

Methods of arranging artificial lighting sources. The methods for 
arranging lights in common use are: (1) general lighting, (2) group light- 
ing, and (3) local lighting. The most frequent combination is that of 
general and local lighting. 

General illumination is the method most used. Comparatively large 
units are placed near the ceiling, giving an illumination of approximately 
equal intensity througliout the whole workroom. This illumination is 
especially suited to miscellaneous work where a general distribution of 
light is more necessary than a local centralization of light in special places. 
An example of such conditions is shown in Fig. 13.16, p. 196. General 
lighting, properly spaced, gives an even diffusion of light. Illumination 
up to 50 foot-candles can be satisfactorily obtained from general lighting. 
For tasks requiring more than 50 foot-candles it is usually more eco- 
nomical to supplement the general lighting with local lighting. If 20-foot- 
candle general lighting is sufficient for most of the work in a workroom 
but a few operations require more, the additional light can more economi- 
cally be provided also by local lighting. 

Group lighting or, as it is often called, localized general lighting con- 
sists in lighting a particular group of machines or particular area by units 
which are so placed wdth reference to the work as to illuminate it from 
the best direction. This type of lighting is particularly suitable for large 
rooms with many machines of the same type performing such operations 
as spinning, weaving, and buffing. 

Local lighting consists of the illumination of a single machine or portion 
of a machine with light which is specifically directed to the point at 
which illumination is most needed. Such lighting is used on workbenches, 
lathes, sewing machines, or any class of work where a light may be needed 
from a nearly horizontal direction or where a high intensity of illumina- 
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tion is required over a small area. Drop cords, formerly the standard 
method of getting local lighting to the desired point, have persisted in 
some plants until now. Fixtures such as the one illustrated in Fig. 15.8 
are the approved methods of providing local illumination. 

Maintenance of lighting installations. Maintenance of the lighting 
system should include a systematic plan for keeping the lamps and re- 



Courtesy, NationtU Lamp Works 
Fig. 15.8. Effective local illumination. 


flectors in a clean and otherwise suitable state. When lamps deteriorate 
so that their lumen output is markedly below standard, they should be 
replaced immediately. Proper lighting maintenance includes painting 
walls and ceilings, cleaning lamps and reflectors, and changing bulbs 
when their lumen output drops markedly below standard. To maintain 
proper lighting requires accurate knowledge of the lumens at given points 
at regular intervals. This information may be secured by the use of the 
foot-candle meter (see Fig. 15.1) . There is a general tendency to continue 
lamps in service far past the point where the installation of new lamps 
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would be profitable. The maintenance of the lighting system should be 
placed definitely in the hands of one member of the organization. The 
size and the structure of the organization will largely determine just 
where this responsibility should be placed. 

Provision for adequate natural light. The provision for adequate 
natural lighting is directly related to the construction of the building. 



Courtesy, Truacon Steel Company 
Fig. 15.9. A unique provision for ventilation and lighting. 


It is affected by such considerations as the nearness, character, and color 
of adjoining buildings, the height and width of the individual rooms, the 
provision of open courts in the layout of the plant, and the type of con- 
struction in so far as it affects the amount of window space that can be 
secured. 

Natural light illuminates either by direct rays or by reflection from 
various surfaces outside or inside the factory building. Provision for 
natural lighting must take into account these reflections. The illumina- 
tion given by daylight is general in that it tends to spread throughout the 
whole room, but its intensity is seriously decreased toward the center of 
the room unless light is admitted through windows in the roof. 

Newer types of factory buildings have as nearly 100 per cent of their 
walls constructed of steel as is practicable. The development of steel 
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window sashes has greatly increased the amount of daylight that may 
be admitted. These windows may be opened individually or as a group 
(see Fig. 15.9). 

The amount of natural light that reaches the interior of a factory 
workroom is dependent on the relationship between the height of the 
windows and the width of the room unless roof windows are provided 
to supplement the light from the side walls. If windows are on one side 
of the room, adequate light will be available for a distance twice the 
height of the windows. If windows are on two sides of a room, light will 
be available for a distance equal to about three times the height of the 
windows. Tables are available to show the amount of daylight available 
at different distances from windows with different heights. In multi- 



Courtesy, Penn Electric Switch Company, Goshen, Ind. 
Fig. 15,10. Modern factory building with monitor windows. 


storied buildings the height of the windows on the lower floors is often 
made greater than on the upper floors to insure adequate illumination if 
surrounding structures cut off the light. As a general rule, it has been 
found that poor lighting will result if the ratio of floor space to window 
space is greater than six to one. In modern ^^daylight^^ factories the 
window space is from one-third to one-fifth as large as the floor space. 

Glass bricks and tile are available for use in side-wall construction 
and have been used effectively for certain purposes. Although the cost 
is somewhat greater than standard constructions, they have genuine merit 
in structures where use is made of natural light in combination with 
mechanically controlled ventilation and temperatures. 

Roof lighting. One-story factory buildings are often constructed to 
provide some roof lighting in addition to the light from the wall windows. 
These roof windows are of three types, namely, skylights, monitor roofs 
containing either vertical or sloping windows, and saw-tooth roofs con- 
taining both vertical and sloping windows. Skylights usually have the 
glass placed in nearly a horizontal position and consequently become 
dirty very easily. They therefore do not remain eflScient transmitters 
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of light for long unless washed very often. Monitor roofs provide nearly 
ideal daylight conditions for factory interiors (see Fig. 15.10, showing 
the Penn Electric Switch Company). It is easy to keep monitor roof 
windows clean. They can be so placed as to give maximum light at the 
point midway between the side walls, where light from the wall windows 
is least. Wide monitors, at least one half the width of the building, are 
most efficient if single monitors are used. In any case the width of the 
monitor should be not less than twice the height of its windows, nor 
should the height be more than half its width. Increasing the height of 
a monitor increases the maximum illumination available, and sloping 
windows at times will increase the light at the point most needed. Saw- 
tooth roofs, ^th the sides containing the windows facing north to secure 
a minimum of direct light rays, are widely used in natural lighting (see 
Fig. 12.12, p. 179, showing the Poulsen and Nordon, Inc., plant). Nar- 
rowing the span of tRe saw-tooth or increasing the height of its windows 
increases the uniformity of light distribution, 

TABLE 15.4 

Percentage of Light Reflected from Typical Walls and Ceilings ♦ 


Surface 

Class 

Color 

Percentage 
of Light 
Reflected 

Paint 

Light 

White 

81 

Paint 


Ivory 

79 

Paint 


Cream 

74 

Caen stone 


Cream 

69 

Paint 

Medium 

Buff 

63 

Paint 


Light green 

63 

Paint 


Light gray 

58 

Caen stone 


Gray 

56 

Paint 

Dark 

Tan 

48 

Paint 


Dark gray 

26 

Paint 


Olive green 

17 

Paint 


Light oak 

32 

Paint 


Dark oak 

13 

Paint 


Mahogany 

8 

Cement 


Natural 

25 

Brick 


Red 

13 


* Source of data: Westinghouse lUuminalion Handbook, Westinghouse Lamp Com- 
pany, New York, 1934, p. 14. 
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The influence of paint upon adequacy of light. Interior painting is 
often neglected in factories long after the point has been reached where 
poor interior lighting calls for action. The percentage of light reflected 
from the walls and ceilings varies in general with the material and color, 
as shown in Table 15.4. 

Although a high gloss on a painted wall reflects more light than a dull 
finish, its use is frequently unwise on walls which workmen face because 
of the glare in their eyes. 


Power 

The management of an industrial enterprise is concerned with three 
primary requisites of factory power: (1) that there is adequate power 
at the machines to do the full amount of work scheduled for the factory; 
(2) that this power is secured in the most economical manner consistent 
with the long-run policy of the company; and (3) that the service is free 
from interruptions. The subject of factory power is too large for ade- 
quate technical treatment in this book, even if it properly had a place 
here. It is necessary only to outline the general principles governing the 
subject so that the manager may consider intelligently the engineer's 
report. There are certain phases of this problem, however, that can be 
passed upon only by the management, such as the decision to buy central- 
station power for all manufacturing requirements or for only peak re- 
quirements, to scrap an installation now in use and purchase central- 
station power, or to install a separate power-generating unit. 

Sources of power. Factory power may be either generated within the 
plant or purchased from a utility. The former is usually referred to as 
isolated plant power, and the latter as central-station power. Manage- 
ment’s decision regarding which type to use is important and should be 
preceded by a careful engineering study of all possible alternatives and 
their relative economies. 

If only the electrical-power requirements of the factory are considered, 
this power may be supplied by: 

1. Steam plants using either reciprocating engines or steam turbines. 

2. Hydroelectric plants. 

?. Gas-engine plants using producer, natural, blast-furnace, or coke-oven gas. 

4. Internal-combustion (other than gas) engines employing fuel oil, gasoline, or 
other liquid fuel. 

Central-station power. The central station, which can manufacture 
electrical energy in large quantities because of the refinements in appa- 
ratus which it uses but which are not usually feasible for the small iso- 
lated plant, can deliver current at its switchboard at a much lower cost 
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than many isolated plants. Even adding to the cost of current, as care- 
fully calculated, the cost of distribution, the central station can often 
deliver current at the terminals of the customer's meter in a moderate- 
sized plant at a lower cost than the customer can make it for himself. 
This is also true in many cases where the power user must install a 
separate steam plant for heat in winter and for steam used in processes. 
Unless an isolated plant is of such size that it will pay to install appara- 
tus approaching the central station in economy of operation, or unless 
the steam required for processing and heating is of such volume as to 
utilize the entire exhaust from the prime mover, central-station power 
will usually^jg’ove cheaper. As a general rule, if central-station power 
is available, it will seldgm pay to generate power on the premises unless 
there is use for nearly all the exhaust steam. This rule is not to be 
followed too rigidly,^ for local rates and other considerations may be 
controlling factors in individual localities. 

Combination of central-station and isolated-plant power. It is some- 
times advantageous for the industrial plant to generate some power 
locally and purchase the rest. Utility rates often include a ^‘maximum 
demand'^ rate based upon the peak value of power used, averaged over 
a specified period of time. It is to the advantage of the industry to 
keep the maximum power demand as low as possible. This may be 
accomplished by staggering the operation of the power-driven factory 
units. An isolated plant may be installed to supply part of the power 
during the periods of heaviest demand. In unusual cases where extreme 
continuity of service is required, special stand-by generators are installed 
to supply power in the event of interruption of central-station supply. 
Such generators can be used during peak periods to reduce the maximum 
demand on the utility system. 

Reliability of service. Reliable service implies comparative freedom 
from interruptions in power. In a large city, where central-station power 
is distributed by an underground network, and especially where two 
or more central stations are connected to the network, the reliability of 
service is very high, often approaching or equaling 100 per cent over a 
period of years. On the other hand, plants located long distances from 
the central stations and depending on aerial transmission lines have 
suffered shutdowns for days because of weather conditions which put 
the transmission system out of operation. The relative location of the 
central station and the industrial plant should be considered in adopting 
central-station power. 

Reliability of service in the isolated plant requires adequate reserve 
capacity for handling all probable contingencies. Careful operation and 
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reasonable attention to maintenance and repairs are essential to assure 
continuous service and long life of the equipment. Adequate fuel supply 
must be kept available. The equipment must be of sufficient size to 
supply the factory without overloading. 

Fuel storage and service. The reserve supply of fuel is an important 
consideration in all power calculations. A plant so located that it is 
accessible to its source of fuel, as on a railroad line connecting directly 
with the coal mines or on a watercourse providing all-year transportation 
from the mines, need carry only a small reserve. If, however, it must 
depend on trucking its fuel or is in a district inaccessible to the mines 
or on railroads which may be interrupted in winter, the fuel reserve must 
be large. The interest on the investment in the fuel so carried is a proper 
charge to the cost of power, as is also the interest on the value of the 
real estate used for storage, together with the taxes on it. 

Central stations usually carry adequate reserves of fuel and are so 
located as to receive and handle these reserves in the most economical 
manner. The cost of the fuel reserve is, of course, included in the rates 
charged for power. In choosing between isolated-plant or central-station 
power, the question of fuel supply and reserve must not be neglected. 

Alternating current versus direct current. There are two types of 
power systems in general use: (1) alternating current, and (2) direct 
current. Most factories which have central-station power use alternating 
current. Some of the larger metropolitan areas still have direct-current 
systems, but they are gradually changing over to alternating current. 

The advantage of alternating current is that the transmission voltage 
can be stepped up or stepped down at will by the use of a relatively 
inexpensive transformer, whereas direct-current power must be trans- 
mitted and used at the same voltage at which it is generated. Alternating- 
current power can therefore be transmitted over hundreds of miles at 
high voltages with very little loss. The greatest distance over which 
direct-current power can be economically transmitted in large amounts 
at the voltages ordinarily used for industrial purposes is approximately 
a thousand feet. 

From the factory viewpoint direct-current motors are more flexible in 
operation than alternating-current motors of comparable cost. The 
speed of direct-current motors can be continuously variable over a wide 
range of speeds. The alternating-current induction motor, which is com- 
monly used for industrial drives, has only a very limited range of speed 
variation. The speed can be made to vary in steps, that is, full speed, 
half speed, and quarter speed. In large-size motors, however, the aux- 
iliary equipment for such variations is costly. 
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Load factor. Before considering whether central-station power is ad- 
visable in a particular case, it is well to have an understanding of the 
method by which rates are fixed for central-station power. The load 
on a power station varies from hour to hour, and the maximum load is 
much in excess of the average load. Nevertheless, the station equipment 
must be of sufficient capacity, and enough boilers must be kept under 
steam, to enable it to respond instantly to any demand that may be made 
upon it. Furthermore, the distribution system must have sufficient ca- 
pacity to supply the maximum power demand. The load factor of a 
given industrial plant is the ratio of the average power used to the peak 
power used. The average and peak powers are averages over specified 
intervals of tftne. 

Power factor. ^^Powtr factor” is a term applied to the ratio of the 
power actually developed by an electric generator to the energy appar- 
ently developed. Witfi direct current the power developed can be ascer- 
tained by multiplying the reading of the voltmeter by the reading of 
the ammeter on the switchboard, the product being the power in the 
circuit in watts. With alternating current this product does not usually 
represent the power developed, and othei; means of ascertaining it nnist 
be utilized. With alternating current the energy in the circuit available 
for doing work is represented *by Voltmeter reading X Ammeter read- 
ing X Power factor. 

Obviously, the ideal condition would be to have all unity power-factor 
loads, since this would result in the minimum amount of current for a 
given amount of power. This condition is usually not possible, however, 
because induction motors, welders, and furnaces are often required in the 
operation of the factory. If an induction motor and a synchronous 
motor are connected to the same line, the induction-motor current will 
lag the voltage, whereas the synchronous-motor current can be made to 
lead the voltage. These effects will neutralize each other, and, if prop- 
erly adjusted, the current supplied to the combined load will have unity 
power factor, and thus only useful current will be required of the gener- 
ator and transmission system. 

The disadvantages of low power factor are derived from the fact that 
it requires the generation and distribution system to supply an excessive 
amount of current for the power required. It is customary for utilities 
to include a low power-factor penalty clause in the rate structure. This 
provision is to compensate for the necessity of having larger equipment 
to supply the lower power-factor load. From the customers^ viewpoint 
it is therefore sometimes desirable to install synchronous motors or other 
power-factor correcting equipment to maintain a high power factor on 
the system. Unfortunately, the applications of this type of equipment 
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are somewhat limited in the factory. Synchronous motors are constant- 
speed motors and can therefore be used only where constant-speed drives 
are required. 

Electric rates. The cost of supplying consumers with power involves 
several items in addition to the actual cost of the current itself. Theo- 
retically, each customer should bear his proportion of the cost of the 
distribution system from the central-station switchboard to his own 
meter terminals. Whether or not any current is used in a given month, 
the distribution system is there, and the charges on it must be met. 
Then, too, certain electrical losses occur in the distribution system and 
transformers, even though no current is used. These losses are a fair 
charge on the customer. In addition, there is the cost of keeping in 
service the surplus equipment to meet the peak-load demands for power. 

The method of charging these costs to the consumer varies with dif- 
ferent companies and in different parts of the country. To cover the 
cost of the distribution system some companies have a service charge, 
which is a flat rate irrespective of the amount of current used, plus an 
additional charge for the actual amount of electrical energy consumed. 
In addition, there may be a stand-by or readiness-to-serve charge to 
cover the cost of surplus equipment kept available for the customer's 
use.^ This change is on a sliding scale and decreases as the quantity of 
current used increases. Then, for the actual amount of current used, 
there is a charge on a sliding scale, decreasing as the use of current 
increases. 

Adequate power. Securing adequate power is an engineering problem 
from start to finish. The wisest management will be guided by the 
advice of engineers in its solution. A few hundred dollars spent for 
engineering services may easily result in the saving of several thousand 
dollars of operating cost annually. 

Single-motor main drive. The single-motor main drive has little to 
commend it except low initial cost. It is largely a survival of the days 
when the entire factory was driven by a waterwheel or from the flywheel 
of a steam engine, before the electric motor permitted power to be dis- 
tributed in any direction and in any quantity desired to any part of the 
plant (see Fig. 15.11). The disadvantages of this system are so many 
and so great that it should not be considered except under exceptional 
circumstances. 

^ The stand-by charge is not a part of all rate schedules. Some companies use only 
the ^^demand charge” to cover the costs that are independent of the number of 
kilowatt-hours used, and the ^^energy charge” to cover the costs that are proportional 
to the number of kilowatt-hours of energy used. 
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Group drive. In the group drive, instead of the jack-shafts being 
driven from a main line-shaft, each is driven by its own motor (see Fig. 
15.12). Instead the line-shaft may be cut into sections, each driving a 
group of machines and each driven by its own motor. Or, the various 
machines of each class may be arranged in groups, and the shafting for 
each group driven by a single motor. This system, although of greater 



initial cost than the single-motor main drive, is so much more flexible 
and has so many inherent advantages that it is more commonly used 
than the single-motor drive. With it the shafting friction losses are lower 
than with the single-motor drive, and any secticm of the shop can be run 
at any time without having to drive all the shafting. The machines can 
be arranged more conveniently for the work, without regard to the posi- 
tion of main line-shafts and without quarter-turn belts or mule-pulley 
stands to permit power to be taken off the main line-shaft at right angles 
to it. The motors can be better proportioned to the average load they 
will be called upon to carry, and the load factor and power factor, and 
hence the efficiency, of the system will be high.® 

Individual-motor drive. In the individual-motor drive, each machine 
has its own motor, either mounted on it and driving through gears or 
silent chain, or mounted close by and driving through a belt (see Fig. 
15.13). This system is the most flexible and permits machines to be 

® This statement is made on the assumption that alternating current is being used. 
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arranged in the manner and position most suitable for the work without 
any regard for the source of power. It is highest in initial cost, and the 
total horsepower of motors to be installed is greater than in either of the 
other systems, since each machine must be equipped with a motor large 
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Fig. 15.12. Group drive. 



Belt Driven Geared Motor Silent Chain Drive 


Fia. 15.13. Typical arrangements of individual-motor drive. 

enough to pull the heaviest load that may be put on the machine and 
also because the efficiency of electric motors increases with their size. 
This fact will tend to make the load factor and also the power factor low 
if alternating current is used. In the group drive the motor usually needs 
to be only large enough for the average load, since it is quite unusual for 
every machine in a group to be under maximum load at the same time. 

Combination group and individual-motor drive. Probably the most 
satisfactory system of driving, particularly in the metal-working indus- 
try and others where the demands for power on the several machines 
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are variable, is a combination of the group and individual-motor drives. 
In this system the machines requiring a relatively constant amount of 
power are driven in groups, whereas those requiring a large amount of 
power at irregular intervals are equipped with individual motors. This 
arrangement gives a very flexible system and smooth operation. 
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AIR CONDITIONING 

The importance of air conditioning. The presence of moisture in the 
air as a prerequisite for working certain materials properly has been 
recognized for centuries. The tobacco grower would not attempt to strip 
his tobacco when the air was dry because of the excessive breaking of 
the leaves. It was early discovered that the manufacture of cotton 
thread was simplified when the humidity of the air was fairly high. The 
first large-scale attempt to control the temperature of air as a matter 
of human comfort was made in the theaters, where the costs could be 
spread over a large number of persons. 

Air conditioning in its broader sense is the control of the physical or 
chemical qualities of the air for a specific purpose. It includes the fol- 
lowing factors taken alone or in any combination: (1) temperature, 
(2) humidity, (3) foreign substances, and (4) air fiow. 

Objectives of air conditioning. Air conditioning is usually undertaken 
to influence favorably the welfare and comfort of employees and cus- 
tomers, the materials and product, and the machinery, equipment, and 
manufacturing process. If these three major classifications are expanded, 
air conditioning may be said to seek to influence favorably men, mate- 
rials, and processing as follows: 

1. Employees and customers. 

1.1. To protect the health by removing poisonous and obnoxious gases and 
foreign particles, such as silica dust, lint, soot, and bacteria. 

1.2. To improve physical comfort by regulating the temperature and humidity 
and by reducing distracting noises, resulting in a favorable attitude or 
higher morale. 

2. Materials. 

2.1. To decrease deterioration, as in meats, fruits, vegetables, and certain oils, 
fats, and chemicals. 

2.2. To increase workability, as in tobacco, textiles, and certain plastics. 

2.3. To improve the quality of products. 

3. Equipment and processes. 

3.1. To meet the requirements of certain equipment that is sensitive to tem- 
perature changes, moisture, and foreign Substances in the air. 

3.2. To reduce the maintenance cost of equipment. 

33. To meet the requirements of certain processes. 

241 
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The individuaTs reaction to air conditioning. Man^s reactions to the 
condition of the atmosphere in which he operates are both psychological 
and physiological, each somewhat influencing the other.^ An individual 
may react unfavorably to the presence of certain odors in a room even 
though there is no detrimental physical action. Some people dislike an 
odor that others do not object to or perhaps even like. The addition 
of another, stronger odor which renders the first one unnoticeable but 
does not eliminate its cause often has the same effect upon the worker 
as removing the odor. 

The comfort of an individual in still air is greatly influenced by his 
activity. Tlig average-sized man, seated at rest in still air of approxi- 
mately 70°F. with 50 jper cent relative humidity, generates about 400 
B.t.u. per hour. When this same man under similar conditions engages 
in light, moderately Jpeavy, and heavy wwk, the British thermal units 
generated per hour rise to approximately 600, 800, and 1000 respectively. 
This heat is dissipated through direct contact with the air as sensible 
heat or through the evaporation of perspiration from the skin or the 
evaporation from the respiratory tract as latent heat. 

The most important factors in poor industrial air conditions are im- 
proper temperature, improper humidity, or a combination of the two. 
Approximately 3000 cubic feet of air per person per hour, of the right 
temperature and humidity, should be provided, and the air can be 
changed from three to five times an hour to give this amount of air 
per person without any sensation of draft in the room. The proper 
temperature of air in a factory workroom depends upon the operation 
and upon the humidity. If the operation involves hard manual labor, 
it may be that in the winter months a temperature of 55°F. will be suf- 
ficient. The ordinary factory workroom can be kept at 65° and be 
comfortable if the humidity is correct. In the usual type of steam- 
heating system found in a factory, air which is 40° in temperature on 
the outside is brought in and heated to 70°. Naturally, this heating 
dries the air and makes it absorb moisture from anything in the room, 
particularly from the bodies of the workers. This gives rise to the feel- 
ing of discomfort and irritation which is frequently found in factory 
workrooms during the winter months. Air at 75° temperature and 20 per 
cent relative humidity does not feel so warm as air at 68° temperature 
and 50 per cent relative humidity, or 65° temperature and 65 per cent 
relative humidity. Of course, humidity cannot be continually increased. 

1 For an excellent discussion of this subject see F. C. Houghten, Director of the 
Research Laboratory, American Society of Heating and Ventilating Engineers, ‘Air 
Conditioning in Industry,” American Management Association, Production Series, 
No. 119. 
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Much of the discomfort of summer temperatures is due to the high 
humidity, and 70 per cent humidity is probably the maximum which any 
air should be allowed to reach for normal working conditions. 

TABLE 16.1 

Desirable Inside Conditions in Summer Corresponding to Outside 
Temperatures * (Occupancy 40 Minutes) 


Outside 
Dry-Bulb, 
Deg. F. 

Inside Air Conditions 

Effective 
Temperature, 
Deg. F. 

Dry-Bulb, 
Deg. F. 

Wet-Bulb, 
Deg. F. 

1 

! 

Relative 

Humidity, 

Percentage 

100 

75 

83 

66 

40 


75 

80 

70 

60 

95 

74 

82 

64 

36 


74 

78 

70 

68 

90 

73 

81 

63 

36 


73 

78 

67 

56 

85 

72 

80 

61 

32 


72 

77 

66 

56 

80 

71 

78 

61 

36 


71 

75 

66 

61 


* Copyright, American Society of Heating and Ventilating Engineers. Abstracted 
by permission from Table 2, Chapter 3, H eating y Ventilating y Air-Conditioning Guidey 
1939, p. 66. 

For persons engaged in active, medium, or heavy muscular work this table is too 
high. The entire field of accurate control of air conditions is highly technical. Man- 
agement should consult specialists in this field before spending large sums of money 
for an installation. 

Table 16.1 gives a range of effective temperatures for individuals 
engaged in sedentary or light muscular activities. It should be kept in 
mind that there are individual differences within the same group as well 
as group differences among areas. For instance, the people of the Gulf 
Coast region will demand a comfort zone several degrees higher than 
the people of Milwaukee.^ 

2 American Society of Heating and Ventilating Engineers, H eating. Ventilating, Air- 
Conditioning Guide, Vol. 17, p. 66, 1939, 
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The individual is often not so keenly sensitive to foreign substances 
in the air as he is to changes in temperature and humidity, yet these 
substances often are immeasurably more detrimental to his health. Cer- 
tain occupational diseases originate from floating particles in the air. 
Silica is one of the most dangerous dusts. 

Individual productivity is increased and fatigue is reduced by favor- 
able working conditions. Proper temperature and relative humidity are 
vital factors of a comfortable work place. The retarding effects of un- 
favorable working conditions depend somewhat upon the characteristics 
of the workers and the nature of the work. It is not uncommon to find 
^Vhite-collaj;!^ workers handicapped as much as manual workers, if not 
more, by high temperatures. This is especially true if the higher tem- 
peratures create conditions unfavorable for their work, such as perspira- 
tion interfering with drafting. 

The need for air conditioning in processing. Certain processes are 
markedly influenced by the temperature and humidity of the air. A few 
industries having such processes are: spinning and weaving, baking, 
candy manufacturing, flour milling, precision-tool manufacturing of cer- 
tain types, food storage, certain types of woodworking, the blast furnace, 
the tobacco industry, and the rubber industry. 

In textile mills, it is essential that moist air be present (see Fig. 16.1). 
This was the original reason why the textile mills of New England located 
near the foggy seacoast. If there is too little humidity in the atmosphere, 
the yarn becomes very dry in weaving and snaps, thus necessitating fre- 
quent stoppage of the loom to knot broken threads. If the humidity is 
too great, it affects the texture of the yarn, causing it to swell unevenly 
and making a poor grade of goods. 

With the introduction of modern air conditioning, the textile industry 
can create its own climatic condition as far as manufacturing require- 
ments are concerned. This fact has greatly influenced the migration of 
textile mills to the South. 

Cabinet-making plants in which veneering is used also have less 
trouble with their raw material when working under proper temperature 
and humidity conditions. Not only is air conditioning a valuable aid to 
the working of wood, but also the application of the techniques of air 
conditioning has greatly hastened the drying of lumber. It is no longer 
necessary to stack it for long periods in the open air to allow it to “sea- 
son.” Kiln drying has largely replaced the air-drying process. 

The Woodward Iron Company of Alabama has applied the principle 
of air conditioning to control the moisture content of the air used in their 
blast furnace. The air is preheated before being forced under pressure 
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into the furnace. This is a further step in standardizing their process of 
manufacture. 



vourteay, Farfca-Cramer Company 


Fia. 16.1. Cotton drawing, utilizing individual spray humidifiers. 

The influence of building design on air conditioning. If a central air- 
conditioning system is planned, the air ducts are built into the walls and 
columns of the building as integral parts of the structure itself. In this 
way engineers avoid one of the objections to this system if it is installed 
after the building is constructed, when it is almost a necessity to place 
the air ducts overhead in the rooms (see Figs. 16.2 and 16.9) . 
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Building construction also takes into consideration the requirements 
of natural ventilation. Natural ventilation is relied upon in most cases 
to carry off heat from the machines and to provide the fresh air required 
by the workers. Natural ventilation, in spite of the rapid strides made 
by controlled air conditioning, is still widely used in removing fumes and 
heat from furnaces and foundries (see Fig. 16.3). There is usually a pre- 
vailing wind in each locality, and the greatest natural flow of air into 
a building and out of it is secured when this wind blows at right angles 
to the wall having the greatest open-window area. 



Courtesy, American Blower Company 

Fig. 162 . Distributing ducts for heating system in columns on machine-shop floor, 
Crown Cork & Seal Company, Baltimore, Md. 

The windward side of monitor roofs should be kept closed, and the 
leeward side opened to get maximum natural ventilation. Under these 
conditions the wind will create suction, drawing the air from inside the 
building and out the open windows in the monitor (see Fig. 16.3). The 
size of the monitor openings and their height above the inlet openings 
are the major factors in determining the extent of the air flow. 

Saw-tooth roofs are not well adapted to situations presenting severe 
ventilation problems, as the fact that they usually face the north may 
make ventilation difficult if the prevailing wind is from either the east or 
west. If the prevailing wind is from the south (an unusual condition), 
the saw-tooth roof is satisfactory. 

Air-conditioning equipment. Steam pipes along the walls are still found 
in many of the older plants. They are wasteful of floor space, since it is 
diflScult to place machines directly adjacent to the heating coils. Such 
installations always result in uneven temperatures, the windward side 
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of the building being cold, and the windows creating certain temperature 
problems because of the seepage of air usually occurring around them. 
Nevertheless the location of radiators under the windows is efficient 
from a heating standpoint if radiation is the sole method of distribut- 
ing the heat. Much of the heat from radiators near the windows is 
likely to be expended in keeping outside cold air from forcing its way 



Courtesy, Detroit Steel Products Company 
Fia. 16.3. Good ventilation in a foundry. (Monitor roof, lee windows open with 
windward side windows closed. Side wall windows open.) 


in. Under such heating conditions humidity control is at best only a 
makeshift. 

First, the long steam pipes along the walls gave way to the more 
efficient radiators, many of which were installed along the walls, as well 
as other places in the room for more effective heating. This development 
was followed by a type of central heating system, consisting of forcing 
air over heated coils and distributing the heated air to the work places. 
This system draws a fresh air supply into the building and propels it 
through the building by means of ducts, the outlets of which are properly 
spaced and so constructed as to prevent the seepage of cold air through 
the window openings. The disadvantage of this system is the presence 
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of the large ducts, usually overhead. They obstruct overhead lighting 
and at times are in the way of overhead cranes and conveyors. This sys- 
tem is admirably adapted to filtering the air before distributing it to 



Courtegy, Industrial Tape Corporation 
Fig. 16.4. Modem plant without windows. 



Courtesy, American Blower Corporation 
Fig. 16.5. Unit heaters using steam for the heating medium. 


the workrooms. It also lends itself to humidity control by adding the 
proper amount of moisture at a central control point. 

Many plants which have installed systems of this type have found it 
very diflScult to prevail upon employees to keep the windows closed. In 
tact, some plants have had to go so far as to seal their windows shut, and 
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even then they frequently found in the summer time that employees 
removed these seals, although theoretically the air conditions within the 
building were much more satisfactory than those outside. Some manu- 
facturers have solved this problem by constructing windowless plants 
(see Fig. 16.4). 



Courtesy, xoung Radiator Company, Racine, Wisconsin 
Fia. 16.6. Cut-away view of an air-conditioning unit which provides year-round 
cooling, heating, humidifying, air filtering, air circulation, and ventilation. 



Courtesy, Parks-Cramer Company 
Fia. 16.7. An atomizer humidifier, which relies on compressed air as the atomizing 

and distributing agency. 

All the systems discussed are now found in various plants; however, 
the present tendency is toward the use of unit heaters placed where the 
heat can be most effectively distributed. These unit heaters (see Fig. 
16.5) are constructed of coils, heated by steam, hot water, electricity, or 
gas, through which air is forced. The air may be brought in from the 
outside or from a central conditioning station, or it may be recirculated 
within the room. These units may be equipped with air filters, and some 
of them, for special installations, may be equipped to control humidity. 
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These heaters have the advantage of being located so as to circulate the 
air and thus avoid air stratification, particularly near the ceiling or the 
floor. 

Humidity control. Admitting outside air in winter is the oldest method 
of reducing the temperature within a building. It is still used exten- 
sively. An alternative method is to reduce the amount of heat being fed 



Courtesy, the Carrier Company 
Fia. 16.8. Air conditioning in the carding room, Jackson Mills of Nashua Manufac- 
turing Company, Nashua, N. H. (Central system.) 


to the radiators or heating units. Admitting air from the outside during 
cold weather, either directly through the windows or through central 
heating stations, causes a drop in the relative humidity when this air 
is heated. Under such conditions satisfactory humidity can be obtained 
only by adding moisture to the air unless considerable moisture is given 
off from the manufacturing process; in this event, in the summer, mois- 
ture will have to be removed or the air changed rapidly. In radiator- 
heated rooms moisture may be added by placing humidifying saddles on 
the radiators, but these are not entirely satisfactory. The central heat- 
ing system using ducts to distribute the air to the workrooms may have 
connected with it a moisture-control unit. Figure 16.6 illustrates a mod- 
ern year-round central-heating and air-conditioning unit, which will heat 
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or cool, humidify or dehumidify, clean, and circulate the air. All the 
air or only a portion of it may be taken from the outside, depending upon 
conditions. It is usually more economical to recirculate a portion of the 
air. 



Courtesy, the Carrier Company 

Fig. 16.9. Process air conditioning in roving operation, Jackson Mills of Nashua 
Manufacturing Company, Nashua, N. H. (Central system.) 


Where unit heating is used, but without a central system, it is possible 
to install unit air filters, humidifiers, and cooling units, either separately 
or as an integral part of the unit heaters. If it is not desired to condi- 
tion all the air within a plant, the unit air conditioners are cheaper. The 
problem of adding moisture to the air is relatively simple, but removing 
it is considerably more difficult. When the temperature is lowered, the 
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relative humidity automatically is raised. One method of removing 
moisture is to lower the temperature so far that a good deal of the mois- 
ture is precipitated and the water may be drained off. This cold air 
then is mixed with the warm air in the room to obtain the desired tern- 





Courtesy, American Blower Corporation 
Fig. 16.10. Air-conditioning system, showing ducts supplying cool air to a foundry. 

perature. Another method of removing the moisture is to use some 
chemical such as calcium chloride, which has the characteristic of absorb- 
ing moisture from the air. This is a simple method for a relatively small 
area but is not particularly suited for a large plant. 

The separate humidifier (Fig. 16.7), which is located in the rooms of 
many textile mills, is still solving the problems of a large number of such 
plants satisfactorily. However, air-conditioning systems such as those 
just described can be of benefit to such textile plants, particularly in the 
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summer time, because the humidity can then be either increased or re- 
duced at any given time. In the summer proper processing demands a 
decrease in the humidity rather than an increase (see Figs. 16.8 and 16.9). 
The problem of the bakery is solved by establishing a proof chamber with 
a temperature of approximately 120^^ and correct humidity, which is 
easily controlled. This chamber can be separated from the rooms where 
the workers are. 



Courtesy y the Carrier Company 
Fig. 16 . 11 . Dust collection in asbestos carding. 


Glass factories and other plants where workers are likely to suffer from 
intense heat can have the air conditions bettered by means of a venti- 
lating system which includes cold-air ducts, such as those illustrated in 
Fig. 16.10. 

Removal of dust or gas from materials worked in process may be made 
certain by a dust-collecting system, such as that illustrated in Fig. 16.11, 
16.12, and 16.13. 

Removing foreign substances from the air. Foreign matter may be 
wholly or partly removed from the air by the following methods: 

1. Washing — forcing the air through a spray of water. This method will remove 
certain large particles and some gases that are soluble in water. 

2. Mechanical filtration — passing the air through the filters, which collect particles 
above a certain size. 

3. Electrostatic precipitation. 
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Washing air has the advantages of increasing the humidity and lower- 
ing the temperature. Under certain conditions it may be necessary to 
dehumidify to get the proper humidity. For certain conditions this sys- 
tem is entirely satisfactory. 



Mechanical filters are all classified under the following headings: 
throw-aways, those that are used until they become partially clogged and 
are then discarded; permanent type, those that may be removed and 
cleaned; replacement fabric type, those that may be removed and have 
new fabric inserted; and the continuous oil type (automatic). 

Electrostatic precipitation has been successfully used for years in 
smokestacks of boilers, smelters, and cement mills.® The same principle 
has been adapted to cleaning air for use in the work place, hospitals, hotels, 

« See ^^New Developments in Solving Industry's Problems of Dust and Air Pollu- 
tion,” George F. Begoon, American Management Association, Production Series No, 
119 , 
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and other institutions. The Westinghouse Electric Corporation has 
developed an air-cleaning mechanism known as the Precipitron, which 
cleans air for commercial purposes to a degree far in excess of anything 



Fig. 16.13. Precaution against radium poison for workers using luminous paint in- 
cludes a lead-bottom work cabinet with glass top and sides and an exhaust at the 
rate of 100 cubic feet per minute to draw off the radon gas. 


that has been available. The Precipitron is of especial value to hospitals 
and homes where pollens annoy hay-fever victims. The initial cost of 
the mechanism, however, is considerably greater than that of mechanical 
filters and washing systems. 
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THE MAINTENANCE DEPARTMENT 

The place of the maintenance department in the organization. The 

maintenance department is primarily a service department, although in 
some compaiiiggs it also has charge of new construction. In most instances 
the man in charge of maintenance reports to the works manager directly 
or through other division heads. A few of the combinations showing the 
line of authority and ^responsibility of the superintendent or head of the 
maintenance department are as follows: 

1. Through plant superintendent to works manager. 

2. Through production-control superintendent to works manager. 

3. Through master mechanic to works manager. 

4. Through superintendent of nonproductive labor to works manager. 

5. Through plant engineer to works manager. 

6. Through plant engineer, industrial engineer to works manager. 

7. Through plant engineer, chief engineer to works manager. 

If there is no works manager, the combination reports to the person 
who exercises the function of works manager or in a few cases to a vice- 
president in charge of buildings and equipment, who answers to the 
president. 

Figure 17.1 illustrates the organization of the maintenance department 
in the Chicago plant of the Victor Adding Machine Company. In this 
particular organization all requests for maintenance work are routed 
through the industrial-engineering department. The industrial-engineer- 
ing department issues all orders to the maintenance department in much 
the same manner that production orders are issued to the manufacturing 
department. This procedure makes use of the principle of specialization, 
separating the ^^planning^^ from the ^^doing” function. ‘Trom an over-all 
viewpoint it has been roughly estimated that the proper employment of 
highest skills has resulted in (1) saving one-third of available productive 
maintenance time; (2) increasing by one-half worker efficiency in the 
maintenance department.’^ ^ 

1 See R. F. Bartlett, ^Troduction Methods Applied to Plant Maintenance,” Factory 
Management and Maintenance, Vol. 103, No. 9, p. 133. 
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A second organization structure for the maintenance department is 
shown in Fig. 17.2. In this organization the maintenance department is 
part of a larger division specializing in construction, plant layout, power 
generation, plant service and protection, salvage, and repairs and main- 
tenance of plant and equipment. Figure 17.3 is similar to 17.2 but dif- 
fers in certain details. Both Figures 17.1 and 17.2 show a high degree of 



I 1 I 

Standards Engineering ^ ' 


Courtesy, R. F. Bartlett, Plant Engineer, Motor Adding 
Machine Company, Chicago, IIU 

Fia. 17.1. Organization chart of the Victor Adding Machine Company maintenance 

department. 

specialization. In many plants transportation is not under or associated 
with the maintenance department or plant engineer except for the repair 
of equipment. In other organizations all internal and external trans- 
portation comes under the plant engineer. The so-called “yard gang” of 
common laborers is frequently under the maintenance department. 

Figure 17.4 illustrates a simple maintenance department in a medium- 
sized plant. In this case each of the major skills is supervised by a fore- 
man who reports to the general superintendent of maintenance. The 
same organization structure is frequently used in smaller enterprises, with 
the foremen being working bosses rather than supervisors only. In this 
event the title given to the man heading the maintenance function is usu- 
ally foreman rather than superintendent or master mechanic. 
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Fia. 17.3. Maintenance organization. 


* I . ■ '■■■ - ■ ■ — ■■ 

Courtesy, Remington Arms Company, Inc 


Works Manager 



Fig. 17.4. Maintenance department of a medium-sized plant. 






























Ch. 17 INSPECTION OF BUILDINGS AND EQUIPMENT 269 

The importance of the maintenance function. In every enterprise pro- 
vision must be made for work of the nature performed by the maintenance 
department. In a few instances in the old days each foreman took care 
of his repairs and janitor work. This system had the advantage of caus- 
ing him to be more conscious of the proper use of machinery but in gen- 
eral was inefficient. Today practically every enterprise of any size — 
hotel, store, school, factory, or utility — has its maintenance department. 
The smooth functioning of the entire operating department is vitally de- 
pendent upon the effective operation of the men behind the scenes, the 
maintenance workers. Breakdown of an elevator, conveyor, lighting 
system, refrigeration system, water system, or of any other vital source 
of power or other aids usually causes cessation of operations or at least 
great inconvenience. Preventive maintenance is more efficient than reme- 
dial maintenance. In other words, inspection before a breakdown enables 
the maintenance engineer to plan repairs and schedule them when the 
plant is inactive at nights or over week ends, thus preventing a break- 
down and disturbance of operations. 

The function of the plant engineering and maintenance department. 
An inspection of Figs. 17.1 and 17.2 reveals the general nature of the 
work performed by the maintenance department. In actual operations 
the plant engineer and the maintenance department carry on the follow- 
ing activities : 

1. Keep the buildings and grounds in clean, sanitary condition. 

2. Make emergency repairs. 

3. Make routine repairs that are not of an emergency nature. 

4. Inspect the buildings, equipment, and machines to detect misuse or needed 
repairs. 

5. Schedule repairs and renewals in such a manner as to make maximum use of the 
available manpower and to minimize the disturbance to operations. 

6. Keep records of the various machines and equipment as a guide to the proper 
use and the selection of new equipment for a given purpose. 

7. Supervise construction work performed by an outside contractor or do the actual 
construction with company men. (It is often cheaper to have outside specialists do 
major construction work or even major repairs than to do it with the regular main- 
tenance crew. 

8. Sharpen production tools. (This function is frequently carried out by someone 
in the tool crib who operates under the manufacturing department or the production- 
control department.) 

9. Maintain cost records that are used by the accounting department and by man- 
agement. 

Inspection of buildings and equipment. Inspection in maintenance is 
both remedial and preventive. After machinery breaks down or some 
other damage is done, inspection is necessary to discover the cause and 
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make the needed repair. When a pin is sheared and a conveyor stops 
running, it is not enough to replace the worn pin with one which may be 
able to carry the load. Somewhere else in the system some other item 
may be out of line, throwing upon the entire system an unnecessary drag 
which needs to be adjusted. Inspection is also an aid in estimating the 
time required to make the repairs. 

Preventive inspection is designed to reduce hazards and avoid losses 
that arise from not making repairs before damage is done. For preven- 
tive inspection to be of maximum value it must be systematic, that is, 
scheduled according to the needs of a given situation. For instance, an 
elevator cablg.^oes not need to be inspected so often as the exhaust system 
carrying off the fumes from a duco spray booth. In order for inspection 
to be performed according to the reasonable need of each situation an 
inspection schedule should be established and carefully followed. Figures 
17.5 and 17.6 show two maintenance schedules used by the Victor Adding 
Machine Company. Figure 17.5 shows a schedule for cleaning, over- 
hauling, and functional checking. Figure 17.6 gives a lighting-mainte- 
nance schedule. 

Costs of maintenance. Maintenance costs are by no means uniform 
for different industries, for companies in the same industry, or within the 
same company during different periods. There must be some basis of 
comparison, or the figures are meaningless. In the excellent article pub- 
lished in Factory Management and Maintenance (see Table 17.1) net 
sales were used as the basis of comparison. This is probably the best 
basis for comparing different industries. Costs vary from year to year 
in the same company because of economic conditions both within and 
without the plant. In extremely busy periods, which occasionally last 
longer than a year, such as during wartime or while there is intense con- 
sumer demand for a particular product, repairs may be postponed as 
long as possible. During very slack periods funds may be conserved by 
postponing repairs, particularly when surplus machines are available. 
Most repairs are made during normal operating conditions or a period of 
rising production. 

Sound management procedures call for a maintenance budget some- 
what related to the volume of operations. When conditions demand the 
postponement of repairs, there accumulates a deferred expense that may 
become greater with delay. If maintenance of lights is deferred, the cost 
of current operations may be materially increased. 

Operating the maintenance department. Because of the very nature 
of most maintenance work close supervision is somewhat diflScult. Main- 
tenance men usually work in small groups or alone. Unless someone in 



Ch. 17 


OPERATING THE MAINTENANCE DEPARTMENT 


261 


TABLE 17.1 

The Cost of Maintenance in Twenty-five Industries * 



Number of 
Companies 


Maintenance and Repair Costs 
Percentage of Net Sales 


Industry t 


1942 



1943 


1942 

1943 

Individual 

Company 

Indus- 

try 

Individual 

Company 

Indus- 

try 




High 

Low 

Aver- 

age 

High 

Low 

Aver- 

age 

Agricultural machinery and tractors 

10 

10 

4.1 

1.2 

3.2 

4.6 

1.0 

3.1 

Apparel and related finished products 
(shirts, ties, hats, underwear) 

17 

16 

1.9 

0.1 

1.0 

2.8 

0.2 

1.1 

Automobiles 

10 

10 

6.5 

1.1 

6.9 

5.0 

1.3 

6.3 

Bread and cake 

7 

8 

4.0 

1.8 

2.7 

4.5 

1.7 

2.7 

Building equipment (stoves, furnaces, 
pip>efitting8, locks) 

22 

23 

5.7 

0.3 

2.7 

5.7 

0.2 

2.8 

Cigarettes 

7 

6 

0.6 

o: 

0.2 

0.5 

OX 

0.2 

Cigars 

8 

8 

1.8 

0.2 

0.8 

2.1 

0.5 

0.8 

Clocks and watches 

5 

5 

3.1 

0.9 

2.1 

5.0 

1.0 

2.7 

Dairy products 

8 

9 

2.6 

0.8 

2.1 

2.6 

0.8 

2.0 

Drugs and medicines 

15 

15 

3.2 

0.5 

1.0 

2.7 

0.5 

1.1 

Electrical household appliances and 
related products 

17 

18 

6.1 

0.7 

2.7 

5.1 

0.5 

2.6 

Firearms 

3 

3 

2.1 

0.5 

2.0 

2.2 

0.1 

2.2 

Grocery specialties and miscellaneous 
food products 

14 

14 

3.1 

0 § 

1.3 

3.3 

Oil 

1.5 

Hosiery 

12 

12 

2.8 

0.9 

1.6 

2.9 

0.6 

1.7 

Iron and steel foundry products 

9 

9 

8.51 

2.8 

6.1 

8.811 

2.4 

6.6 

Meat packing and allied products 

13 

14 

2.2 

0.2 

0.9 

1.1 

0.2 

0.9 

Metal-working machinery (maciiiue tools, 
saws, drills, presses) 

29 

29 

6.5 

0.1 

2.2 

7.0 

0.2 

2.2 

Paints and varnishes 

9 

9 

1.4 

0.4 

1.1 

1.6 

0.3 

1.2 

Paper and allied products 

47 

46 

9.6 

0.2 

4.7 

9.2 

0.2 

4.5 

Pig iron 

4 

4 

9.5 

4.9 

6.7 

9.9 

5.9 

7.7 

Newspapers and periodicals 

9 

8 

4.2 

0.1 

1.4 

1.7 

0.1 

1.0 

Radio and radio equipment 

17 

19 

5.8 

0.3 

2.2 

7.0 ' 

0.1 

1.9 

Screw machine products 

3 

3 

4.9 

1.4 

2.8 

3.7 

1.0 

2.2 

Shoes 

14 

13 

2.0 

0.3 

1.2 

2.0 

0.4 

1.1 

Textile fabrics 

12 

14 

4.3 

0.4 

2.0 

3.4 

0.4 

1.8 

Tires and other rubber products 

16 

16 

3.7 

0.7 

2.3 

4.1 

1.1 

2.2 


* This table was compiled by permission from “The Cost of Maintenance in Seventy*five Industries,” 
Factory Management and Maintenance, October, 1945. 

t The survey includes only those companies which have securities listed and registered on national 
securities exchanges under the Securities Exchange Act of 1934, or which are required to file annual reports 
as registrants under the Securities Act of 1933. Only manufacturing companies are considered here. 

X Reasons for this figure were not given. The next lowest figure was 0.2 per cent. 

$ Reasons for this figure were not given. The next lowest figure was 0.3 per cent. 

II Reasons for this figure were not given. The next lowest figure was 0.4 per cent, 

f Includes repairs, replacements, and additions to patterns and fiasks. 
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WEEKLY MAINTENANCE SCHEDULE 
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Vourteay, Victor Adding Machine Company and 
** Factory Management and Maintenance** 

Fiq. 17.5. Schedule for the maintenance of a ventilating system. 
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a responsible position carefully inspects the work and estimates the time 
required to do it, the worker may take twice as long as needed without 
anyone knowing the difference. There is probably no department in most 
factories where the efficiency is lower than in the maintenance depart- 
ment. Relatively few standards have been set for this kind of work. 
Most supervisors have themselves been tradesmen in their respective 
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Courtesy, Victor Adding Machine Company and 
Factory Management and Maintenance** 

Fig. 17.6. Cleaning schedule for lamps. 


fields and in reality have no special desire to use scientific techniques 
that are well established in other phases of manufacturing. Most main- 
tenance men are paid on a flat hourly basis and have no particular incen- 
tive to do more work than the average, which is not what the average 
man can do but what he does in the absence of close supervision and 
established standards. 

Probably the most effective method to increase the operating efficiency 
among maintenance workers is to have each job estimated by a skilled 
estimator and to pay the workman his regular day rate, with a portion 
of the time saved as a bonus for finishing the job in less than the required 
time.^ Such a program entails additional expense for supervision, but the 

2 See “Wage Incentives Encourage Better Housekeeping,” Factory Management 
and Maintenance, Vol. 103, No. 12, p. 136, for a computation of incentive payment 
Tor janitors. 
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possibility for savings is great. Each job is scheduled like a production 
job except for emergencies. Even in an emergency in most cases an 
estimate can be made by the man in charge of maintenance. Figure 17.7 
illustrates a simple control mechanism for scheduling maintenance work. 



Courtesy, E. A. Munson, Plant Engineer, 
Gould and Eherhardt, and **Factory 
Management and Maintenance** 


Fia. 17.7. Schedule order rack for maintenance work. 

Careful supervision and inspection are necessary when the workers are 
paid on an incentive system. 

Maintenance records. In addition to schedules for regular inspection 
and preventive repairs, several other records are kept by many mainte- 
nance departments. An individual record of each machine of any im- 
portance is a valuable aid in estimating the relative effectiveness of 
various machines. This record usually gives the date of purchase of the 
machine and the dates of all major repairs, as well as the nature of these 
repairs. This department also frequently keeps a detailed inventory, a» 
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Courtesy, E, A. Munson, Plant Engineer, Oould and Eher- 
hardt, and **Factory Management and Maintenance** 

Fig. 17.8. Maintenance-department work-authorization slip. 



Courtesy, G. H. Tennant Company, Minneapolis 


Fiq, 17.9. A floor-cleaning machine operating in a crowded area. 
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well as a notation of the location of each machine. A simple form (Fig. 
17.8) is used to authorize work to be done. Naturally, for cost purposes 
the worker charges his time on his daily work report to the charge order 
number indicated on the work-authorization card. Materials used are 
also charged to the same order number. The fundamental rule that ap- 



Oourteay, Manning, Maxwell d Moore, Inc., Bridgeport 
Fig. 17.10. A properly equipped millwright need not waste time in going back to the 
shop for tools and minor supplies. 

plies to all other records applies also to maintenance records, namely, 
they should be no more elaborate than is necessary to meet the require- 
ments of the situation. Inventories of repair parts are frequently kept 
on the bin cards or on a simple card file in the stockroom. 

Maintenance equipment. For efficient operations adequate equipment 
is necessary. Figure 17.9 illustrates an efficient machine for cleaning 
floors. To avoid unnecessary delays caused by going to the job to find 
out what is needed and then back to the storeroom for the supplies, a 
small work stand similar to that shown in Fig. 17.10 is useful. Safety 
ladders (Fig. 17.11) reduce accidents, give the worker confidence, and 
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often permit one man to do a job that otherwise would require two men. 
Where a large number of machines, such as drill presses, are used, an 
additional machine is frequently kept in reserve to be installed in the 
place of one needing any major repairs. This enables the machine to be 



Courtesy, Wright Aeronautical Corporation and 
**Factory Management and Maintenance** 


Fia. 17.11. An extension ladder mounted on an electric truck makes short work of 
cleaning and replacing lights. 

repaired in the shops, where the work can be done more efficiently, and 
also avoids production delays. The same situation exists in regard to 
electric motors and similar equipment. Figure 17.12 illustrates an effi- 
cient manner of handling heavy dies. 

Salvaging materials. Preventing waste is to be preferred to trying to 
salvage material to reduce waste.. By the very nature of maintenance 
work, there is some material that would become waste if not properly 
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salvaged. It is a common sight to see lengths of pipe and joints lying 
around weeks after a repair or an installation has been made. A salvage 
section usually saves many times its cost. This work may be extended 
to the sorting of waste from production as well as maintenance. Floor 



Courtesy, Robert MacLatchie, Standardized Factory Facilities, 
**Factory Management and Maintenance/^ November, 19^5 


Fig. 17.12. Proper handling equipment facilitates setup and maintenance work. 

sweepings may be put through a magnetic sorting machine to salvage all 
metal, which may further be sorted to separate the productive material 
from the scrap metal. Packing cases and lumber received with purchased 
parts frequently have real value when properly salvaged. The salvage 
section frequently works closely with the purchasing department, which 
may sell certain items not needed in the plant.® 

*See “Salvage Program Saves Money and Materials,” Factory Management and 
Maintenance, Vol. 103, No. 5, p. 121, for an interesting discussion of this entire subject. 


PART V 


MOTION AND TIME STUDY 

CHAPTER 18 

PRELIMINARY CONSIDERATIONS IN MOTION AND 
TIME STUDY 

The need for motion and time studies. When neither the employer nor 
the employee has adequate knowledge concerning how to perform a given 
operation most efficiently or how long the operation takes when properly 
performed, it is but natural that disagreements should arise. An attempt 
by either side to enforce the basis that it has arbitrarily set up results 
in a dispute, which is usually settled by a compromise not predicated on 
facts and not satisfactory to either party, ^ince the lack of job standards 
is one of the most frequent fundamental causes of industrial disputes, 
plants which have carefully set job standards have the fewest disputes of 
this nature, and such disputes as arise are settled promptly and am icgb ly. ' 
A basis exists on which to settle them, and in these plants facts are used 
rather than opinion, prejudice, connivance, or force, which has been the 
more usual basis of settlement. 

Fortunately from the social viewpoint enlightened employers and labor 
leaders alike are coming to realize that justice to all concerned can best 
be attained through the use of facts. Labor leaders have asked for job 
studies and have cooperated with managers in making these studies. 
This situation is far different from that existing just before World War I 
(1914-1918), when Congress was induced to insert a rider to an appro- 
priation bill forbidding the use of any of the appropriated money for 
^^efficiency’^ studies. 

The purpose of job study. Job study or job analysis serves both an 
engineering and a personnel-management function. Job analysis is used 
as a basis for writing the job description from which the personnel man 
derives his job specification. The job description emphasizes the job 
requirements, whereas the job specification sets forth the requirements 
sought in the person who is to perform the work. The job analysis for 
the personnel man need not be so detailed or technical as the job analysis 
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used in manufacturing by the industrial engineer. The industrial engineer 
uses his detailed job analysis as a tool for improving and standardizing 
methods and working conditions and as a basis for establishing time 
standards for performing the job. 

Improving methods of work. Methods im prove ment may be the prime 
objective of job analysis, yet a little extra effort will make possible the 
securing of accurate times for the operation. On most jobs different 
operators, if left to themselves, will do the same task in entirely different 
lengths of time. Differences of 100 per cent in the time two operators 
take to do the same task are not at all unusual. It will generally be 
found, after ^tudy, that such operators are utilizing entirely different 
methods to perform the job. If the two workers are analyzed, it will be 
found that one has discovered a number of short cuts, whereas the other 
is performing a large number of useless or cumbersome motions. It is 
thus seen that the first step in job study is to determine the way in which 
the best worker performs the job, in order that some of his methods may 
be imparted to the poorer workers. The next step is to try to develop a 
standard method, which may be an improvement over the best method 
used up to that time. This standard method not only will improve all 
existing methods of working, but also will include the utilization of 
standard equipment for the job and will determine and, if possible, elimi- 
nate the causes of fatigue incident to the job. The third step in improv- 
ing methods of work is to teach all the employees the new, standardized 
method. 

Motion study. Motion study is the simplest form of job study and 
always constitutes the preliminary portion of a job study, even if a more 
elaborate study, such as a motion and time study, is contemplated. 

The simple motion study of a job in its general elements may reveal 
many losses and useless motions without any consideration of the time 
element. It is not necessary to hold a watch in one^s hand to know that 
a worker who must walk a dozen feet to secure material for his machine 
or to deposit the finished product of his operation can have his work 
arranged more effectively. General motion study is likely to yield valu- 
able information for the improvement of standards of equipment, and 
the elimination of useless motions is often one of the best ways of reduc- 
ing fatigue. 

Frank B. and Lillian Gilbreth popularized motion study with the publi- 
cation of their interesting book, Motion Study, ^ in 1911, about the time 
of the general increase in interest in the management movement. Gil- 
breth^s attention had been forcibly drawn to wasteful operation methods 

1 Published by D. Van Nostrand Company, New York. 
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in the brick-laying trade through his connection with the contracting 
business. He had found, for instance, that bricks were dumped in a pile 
somewhere near the bricklayer by his unskilled assistant and that the 
bricklayer would take two or three steps over to the pile of bricks, pick 
up a brick, walk back to the point in the wall where he was going to put 
it into position, give it several twirls, so that the right side for laying 
would be upward, and then proceed to put it into place. He also found 
that there were a large number of similar waste motions in connection 
with the placing of the mortar. From these observations he developed 
certain standard equipment, such as a packet for holding the bricks at 
a proper level and with the right side already up, and a nonstooping 
scaffold, which changed in height as the wall was built up. Through 
observation he then developed the best methods of utilizing this equip- 
ment. Gilbreth^s studies made little dent upon the building industry, 
however, largely because of union opposition to increasing efficiency. 

The Gilbreths also studied the procedures used by the office worker. 
In the handling of outgoing mail they immediately saw that there were 
vast opportunities for economies in an improvement of the methods gen- 
erally used in large offices. If several thousand letters are being mailed 
a day, as they are in many industries, the saving of only one motion per 
letter mailed will result in an enormous net gain. For instance, in one 
office the girls folding and sealing the letters formerly were permitted to 
arrange the work to suit themselves. Brief observation showed that 
there was much room for improvement. Experiments were made to de- 
termine in just what order each movement — folding the letter, picking 
up its inclosure, picking up the envelope, and inserting the letter and its 
inclosure in the envelope — should be made. First attempts were crude, 
but they immediately doubled the output of the girls. Further study 
resulted in improvements that not only eliminated some motions, but 
also shortened the distance through which the hands had to move in 
performing the remaining ones. The field of motion-studying office pro- 
cedures and department-store procedures is a fertile one. Large offices 
and department stores employ industrial engineers who concentrate on 
this work. 

Effects of making motion studies. Motion studies are constantly being 
made on an informal basis by all efficiency-minded supervisors. Maxi- 
mum value from motion studies is secured when scientific procedures are 
used. A few of these advantages are as follows: 

1, Whole methods of performing operations may be changed, and newer and more 
effective ones found. 

2. Moderate changes in method and in equipment may be devised. 
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3. Data are always secured from which a series of job specifications may be de- 
veloped. 

4. Motion study exerts a salutary influence upon the general morale of an organi- 
zation when the savings made are shared with the employees. 

Motion study and the development of standard equipment are insepa- 
rably linked. Frequently, soon after the start of a study, it becomes ap- 
parent that the worker can do no better with the equipment at hand, 
because he is forced to use a series of false motions. Motion study may 
lead to such standardization of equipment on an operation that no further 
steps beyond instruction in the proper use of this equipment are needed 
in teaching workers to perform their jobs. When the results of motion 
study are used for rate-setting purposes, it is imperative that equipment 
be standardized within reasonable limits. For example, if a rate is set 
from the study of an operator on a properly functioning machine, this 
same rate should not apply on another machine exactly the same in every 
detail except that it has five per cent more belt slippage. Changes made 
in the methods used on an operation should always be in the direction 
of straighter, shorter, quicker motions of a kind which become automatic 
wherever possible. 

Time study. By time study is meant an accurate analysis of the time 
necessary to perform an operation or some part thereof. It involves all 
the features of close observation that are found in motion study, and in 
addition the time element is included. In modern industry, for purposes 
of job study all work may be placed under two general headings: (1) 
work done by machines and (2) work done by workmen. Motion study 
concerns itself especially with a study of the work done by the workman 
with sufficient consideration of the arrangement of machines and their 
functioning to insure efficient worker production, whereas time study in- 
cludes a detailed analysis of both “machine time,” or the time taken by 
the machine in doing its share of the work, and “manual time,” or the 
time taken by the workman. Manual time will usually be found to be 
of three general classes: (1) the handling of tools used by the workman 
in connection with the job, (2) the handling of the machine by the work- 
man, and (3) the handling of the material that is being worked upon. 
Time study implies an intense analysis of all three phases of work. 

Objectives of time study. Improvement of methods and conditions is 
at times the only reason for making time studies. Motion studies are 
frequently the first step in these time studies, but pure motion studies 
are not so frequently used as time studies. The addition of the time 
element to the study makes it possible to secure information concerning 
the amount of work which may be accomplished within a given time. 
Time studies are used as the basis of ^Wate setting/^ or the determination 



Ch. is 


THE PRELIMINARY STUDY 


273 


of wage rates, as well as for production control. Time studies should 
seldom be used for rate setting without being used at the same time to 
improve methods or conditions. Time study provides data invaluable in 
setting rates that are relatively fair in comparison to each other. Time 
study cannot be expected to set rates that are inherently fair from a cost- 
of-living or similar standard. It clearly indicates fair relative rates to 
be paid on the several jobs studied. 

Rates, if not based on time studies, are likely to be based on past per- 
formances. Standard time, and hence rates based on past performances, 
are likely to be unsatisfactory. In all factories there are to be found 
poor workmen and good workmen. A good workman on job A takes an 
interest in his work and in the mastering of his job. A poor workman on 
job B is probably indifferent to his work, or it may be that he has never 
been properly instructed in the right way of working. If the records of 
poor workmen and good workmen are thrown together throughout a 
shop as “past performance,^^ the resulting basis of rate setting is likely 
to be unfair. The poor workman, by learning his job or merely by 
applying himself, may be able under such conditions to double his pay, 
whereas the good workman, if the job is one where he has always set a 
high standard, will get but a slight wage increase, if any. Other dif- 
ficulties in setting rates on the basis of past performance result from the 
fact that past records are frequently extremely unreliable. Jobs of the 
past were frequently made up of different elements from jobs of the 
present. Conditions under which jobs were performed have often been 
modified by forgotten changes in equipment, which are not taken into 
consideration as the new rate is set. Frequently, since the past records 
are unreliable, it is necessary to resort to bargaining concerning what 
past performance was. Nothing can be more destructive of the wage 
fabric of any plant than bargaining over opinions when factual data 
ought to be available. 

The preliminary study. The work of the job-study observer in what 
may be termed “the preliminary study” is, economically, in many ways 
more important than the actual recording of times themselves. From a 
wage-setting standpoint this work is of paramount importance also, 
because it frequently determines the effectiveness of the final study. The 
“preliminary study” includes all the work before the recording of the 
actual observed elementary times. It includes the motion study that is 
made in order that the work may be done in the most effectual way. 
It also includes some preliminary time studies taken to check the effec- 
tiveness of the motion studies and to determine and record the elements 
of the task to be timed. 
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Having selected the operator to be studied, the observer should spend 
some time acquainting himself with the work and all conditions which 
affect it. He should observe the conditions under which the raw mate- 
rial is furnished the operator and the facilities which the operator has 
for disposing of the finished product. He should familiarize himself with 
the quality of the work demanded and the degree of accuracy required. 
He should see that the necessary equipment for the operator effectively 
to perform his task is provided and at hand, and, if the operation is a 
machine one, he should see that there is a sufficient supply of power to 
drive the machinery to best advantage. Abnormal conditions should be 
remedied during this preliminary study. Full information should be 
secured concerning the standards of accomplishment on the job in the 
past, in order that comparative records may be available after the job 
has been studied, changed, and timed. 

Selecting the elements to be timed. Preliminary job studies, in deter- 
mining the elements to be timed, must necessarily include a detailed study 
of the methods of job performance. It is in such studies that analysis 
is made of the motions that the worker takes in doing the work, and it 
is through the elimination of useless motions and the providing of stand- 
ard equipment that many of the savings incident to job study are made. 
In order satisfactorily to make a motion study, and in order to secure 
the basis for an accurate time study, it is important that the job be 
broken down into its elements. Only by a study of the elements is it 
possible to determine whether the work is being done in the best and 
cheapest way. An element of an operation may be defined as a single 
continuous and distinct motion or motions of a worker or machine of 
relatively short duration, the termination of which is indicated to the 
observer through sight, sound, or touch. In driving a screw, one element 
consists of placing the screwdriver in position, and another the continuous 
twisting of the screwdriver while driving the screw. A more complex 
operation is necessarily made up of a correspondingly greater number 
of elements, but each of them must be continuous and distinct. For 
motion study and the improving of methods in time study, it is important 
that each separate element, however small, be analyzed. In actually 
recording the times, after the method has been established, it is usually 
desirable to combine several successive short elements, in order that the 
watch may be read more easily during the progress of the study. It is 
extremely unwise to try to observe and record elements which follow 
each other in successions of only a few hundredths of a minute, since an 
error in the reading of the time on the stop-watch may be as great as 
or greater than the elapsed time for the element in question. For practi- 
cal purposes an operation should not be broken down into elements any 
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of which are less than about 0.03 to 0.05 minute in duration, particularly 
if the continuous method of time study is to be used. 

In time studies, for rate setting, the extent of separation of the elements 
is determined by the nature of the operation and the length of the ele- 
ments. For instance, if the product is standard, not varying from day 
to day, and is made by repeating the same operation or set of operations, 
it probably will be wise to study the work from the standpoint of com- 
plete jobs, possibly lumping the minor elements together. Such time 
studies may be termed “operation time studies.^^ ^ If the product varies 
considerably and is made by a series of operations, the elements of which 
may quite conceivably also be found in other operations on the same or 
similar products, it will be found extremely undesirable to lump any 
elements, because the time for each separate element may be desired in 
order that they may be regrouped to ascertain the time for the other 
operations. Thus, by taking a series of time studies on a number of more 
or less fundamental operations and elements in a shop, it may be possible 
to arrange and combine data in such a manner that the proper time of 
performance may be secured for practically every job that the shop may 
perform, without taking new studies. Such time studies may be called 
“fundamental element time studies, and in them the time for each 
separate element is carefully secured. 

After the elements have been determined, they are noted in the space 
provided for them on the observation sheet. An examination of Fig. 19.2, 
p. 282, shows that the various elements running across the top of the page 
under the heading “cycle or line number^^ comprise eleven distinct items. 
When items l2 and 13, “Get new driir^ and “Get new box,” are timed, 
they are not a part of each operation. The standard method of perform- 
ing the operation is thus determined, with all possible improvements in 
equipment and method already accomplished, or note is made to provide 
for further improvement at a later date. 

Therbligs. Frank B. Gilbreth designated certain subdivisions of a 
motion cycle which he thought common to all kinds of work as therbligs 
{Gilbreth spelled backwards, except for the th), Gilbreth listed seven- 
teen therbligs (see Fig. 19.7, p. 291, for symbols). Professor Barnes, 
whose list is used below, has classified eighteen therbligs. Other in- 
vestigators have used a different number of therbligs. The therblig is 
supposed to represent an elemental motion. The student should not 
infer that all motion- and time-study men in practice actually use 
therbligs. They are valuable for detailed studies, the data from which 

2 The term ^^operation time studies” is also applied to studies in which the over-all 
operation times are taken without breaking them down into their elements. 
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may be used in other studies. The most common ones in use are as 
follows; 

1. Search * (Sh.) refers to that part of the operation cycle during which the hands 
or eyes are trying to locate the object. 

2. Find (F.) occurs at the end of search and is in reality more of a mental reac- 
tion than a bodily movement. 

3. Select (St.) represents the actual sorting out of one object from among two or 
more objects. (The three therbligs, search, find, and select are frequently combined 
into the one therblig, select.) 

4. Grasp (G.) involves the actual taking hold of the object. 

5. Transport loaded (T.L.) refers to the actual moving of the object from one 
place to another. 

6. PositioiffP.) consists in adjusting the object so that it will be ready to fit into 
the location for which it i^ intended. 

7. Assemble (A.) begins as the object starts to move into its place in the assembly. 

8. Use (U.) is the actual manipulating of the tool or apparatus for the achieve- 
ment of the purpose intended. 

9. Disassemble (D.A.) is the separating of one object from another. 

10. Inspect (I.) is the act of checking to see if the work meets predetermined 
standards. 

11. Pre-position (P.P.) refers to the placing of the tool or object in such a posi- 
tion that it will be ready for use when needed. This therblig eliminates the therblig 
position. 

12. Release Load (R.L.) is the actual “letting go” of the object. 

13. Transport Empty (T.E.) is the moving of the hand empty, either in reaching 
for an object or returning to a given position after the therblig release load (R.L.). 

14. Rest (R.) is a delay factor provided to enable the worker to recover from the 
fatigue arising from his work. 

15. Unavoidable Delay (U.D.) arises either from an interruption in processing or 
a situation in which one part of the body is prevented from working by another body 
member. 

16. Avoidable Delay (A.D.) arises from any delay over which the operator has 
control. 

17. Plan (P.) arises from the mental processes involved in making a decision of 
how to proceed or what to do next. 

18. Hold (H.) signifies the retention of an object after the therblig grasp, during 
which time there is no movement of the object. Gilbreth included the therblig hold 
in his therblig grasp. 

The standard symbols and colors for therbligs are shown by the chart on p. 291, 
Fig. 19.7. 

The qualifications of the motion- and time-study engineer. Frequently 
managers have appeared to feel that anyone equipped with a stop-watch 
can secure the necessary information for a motion and time study. It is 
probably for this reason, more than for any other, that job study fell 

8 See Ralph M. Barnes, Motion and Time Study, John Wiley and Sons, New York, 
1940, pp. 62-66, 107-133, for a detailed description of therbligs and their use. 
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into disrepute before World War I. The observer must possess 
an analytical mind and be able to detect small variations in the 
process from time to time. He must also have enough knowledge of 
the machine and process to be able to perceive and try out slight me- 
chanical changes which may be called to his attention during his studies. 

In addition to the technical qualifications a job-study observer must 
have confidence in the men with whom he is working and must be able 
to gain their confidence, as well as that of the superintendent and the 
foremen. In devising a standard method to perform a job, many possi- 
bilities will have to be investigated, and the worker^s cooperation is essen- 
tial, particularly if he has a fund of knowledge based on past experience 
with the job. 

It is presumed that the observer possesses the technical qualifications, 
because the more he knows about the operation, the better able he will be 
to suggest alternative methods. On the other hand, if he has gained the 
confidence of the whole department in which he is working, he has per- 
formed a large portion of his task. 

Securing confidence is necessary for the following reasons: 

1. The full cooperation of everyone is needed for the best results. 

2. Secrecy is impossible, even if it should otherwise be desirable. The workmen 
will hear rumors, which will be worse than the facts, whatever they may be, and these 
rumors will be confirmed when their rates are changed as a result of the observations 
that they knew of only by hearsay. 

3. In order for the time study to be of maximum value, it is necessary that shop 
information which has been collected by the foreman and workmen over a period of 
years shall be at the disposal of the time-study men. 

Selecting the operator to be studied. Time-study men generally select 
the skilled, first-class worker to study. This means that the worker will 
be of better-than-average ability and will be as superior in quality as 
he is in quantity. It does not mean that the study will be made on a 
man who is working at a terrific rate of speed, for such a man is probably 
turning out no more production than the man who, more skilled, is taking 
things easier. 

The skilled man, rather than the average man, is selected, because 
allowances will be made in computing time values which will be fair to 
the average ’man. The skilled man is better for observation purposes. 
His motions are uniform, he works steadily, and he i^ apt to use the best 
methods and adapt himself more readily to new ones. The erratic work 
of unskilled employees throws into the calculations all sorts of variables, 
which have to be ruled out as the computations are made. The experi- 
enced time-study observer, acquainted with the nature of the work, soon 
learns when a skilled operator is working at a normal rate, but he has 
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more difficulty in making this discovery concerning an unskilled operator. 
The observer is able to get a skilled man to improve his production if 
need be, or, on the other hand, is able to recognize unusual ability or 
excessively rapid movements which cannot be maintained without physi- 
cal exhaustion. Such cases are properly discounted by the observer, 
for the desired time standard is one that can be used by persons follow- 
ing instructions and working at a reasonable pace that can be kept up 
from day to day without undue exertion. Another reason for the selec- 
tion of the skilled man is that in setting performance standards, as in 
setting any other standard, the best-known method at the time for the 
given condiWons should be selected as the standard. 

On work on which large numbers of persons are engaged and which 
is to last for some time, more than one operator should be studied in 
order that without question the resulting rates may represent standard 
performance. 

The conditions of observation have to be varied somewhat for “group 
work,^^ that is, work in which the operation involves more than one 
employee. In such work as assembling, the speed of the group is limited 
largely by the speed of the slowest member. Therefore, in such cases it 
is necessary to consider carefully the personnel of the group to determine 
whether it is composed entirely of skilled employees, and, if not, whether 
such a group can bo brought together. Attention should also be given 
to the operations assigned each member of the group working on the 
assembly. It is sometimes found that an employee who is thought to be 
slow and thus holding back his group is in fact doing more work than 
is justly his share. A rearrangement of his tasks may shift a part of 
his work to another and thus increase the efficiency of his group. If an 
individual operator is slower than his group, he should be transferred 
if possible. If he is kept in the group for some reason, an adjustment 
of tasks may still result in greater efficiency. When others are carrying 
a part of the work for a given operator, earnings should be adjusted 
accordingly. There are two classes of group work, and the necessary 
skill of all members of the group will vary with the class into which the 
particular work falls. These classes are: (1) work in which the main 
part of the operation is performed by one employee, who is merely assisted 
by other employees, and (2) work in which several employees work 
together, each doing his portion of the job sequence. 

An illustration of the first type of group work is the laying of cloth 
in a clothing factory. Although the operation is comparatively simple, 
to handle each type properly demands a certain knowledge of the tailoring 
trade and the peculiarities of cloth. A cloth which has a very smooth 
finish may be easily disarranged in pulling one layer over the next, 
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whereas another which has a heavy nap may tend to stick and must be 
handled in an entirely different manner. One employee cannot do the 
work alone because of the width of the cloth, which requires that he have 
an assistant working on the opposite side of the table. The assistant, of 
course, must learn how to handle the cloth, but he does not require so 
much detailed knowledge and hence will not need to be so skilled an 
employee as the one in charge of the operation. An example of the 
second type of group operation is any case of continuous assembly, 
where the speed of one worker is limited by the speed of another, and 
yet all are doing work of approximately equal importance. 

Selecting the operations to be studied. The neck-of-the-bottle opera- 
tions, the most important in any plant, should be studied first.** Even 
small results achieved there will unquestionably bring large profits with 
them. It may take longer to get results; but, if the continuation of a 
job-study program is to be dependent on quick results, the program 
should never be undertaken. 

One danger to be guarded against is an approach to a workman based 
on superiority rather than on science. A second danger is the taking of 
time studies when the conditions are not standard. Under such condi- 
tions the studies themselves will fall into disrepute, particularly if the 
workmen know the loopholes in the standards being set. Such a ^^stand- 
ard^^ time will be worthless, since it is based on variables. A third 
danger is to spend time in making ^^stunt^^ time studies. There is always 
a tendency to spend effort in reducing the time of performance on opera- 
tions which evidently are poorly carried on. In such cases statistics 
of percentages of time reduction will be interesting; but, if the operation 
is an unimportant one, as it is likely to be if huge reductions in perform- 
ance time are possible, the profit from the study will be small. 

^ See Harold B, Maynard and G. J. Stegemerten, Operation Analysis, McGraw-Hill 
Book Company, New York, 1939, pp. 31-34. 
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TAKING TIME STUDIES 

Time-study equipment. The ordinary time-study equipment consists 
of a decimal stop-watch, an observation sheet on which the watch read- 
ings are recowled as the study progresses, and a board for holding the 
watch and observation sheet (see Fig. 19.1). Other items frequently used 
by many time-study men include the tachometer, or revolution counter 
for measuring machine' spindle speeds, and mechanical calculating de- 
vices, such as the slide rule and adding machine, or comptometer. 

Certain timing devices other than the stop-watch have been developed 
which have limited applications under special conditions, including the 
microchronometer, the wink counter, the Marsto-Chron, and the kymo- 
graph. 

Time-study sheet. Many different forms *of observation sheets have 
been devised. The one shown in Fig. 19.2 will be used as the basis for 
this discussion of making time studies. It is selected because it is a 
composite of the best features of many observation sheets. Its adoption 
by many companies in a wide variety of industries is indicative of its 
adaptability to almost any type of practical time-study work. In any 
event, the observation sheet must have space for a full description of 
the operation and the conditions under which it was taken, with the 
conditions illustrated, if practicable; space for entering the times of the 
various elements as they are observed; and a series of columns concern- 
ing the time of each element and the proper time for the whole operation. 

The stop-watch. Two types of stop-watches are in common use for 
time-study work: the decimal minute and the decimal hour watches. In 
both types the principal dial is divided into 100 divisions, and the smaller 
dial into 30 divisions. The small hand moves one division on the small 
dial while the large hand makes one complete revolution. Thus the watch 
cycle includes 30 complete revolutions of the large sweep hand. On the 
decimal minute watch the sweep hand makes one revolution per minute, 
or 60 revolutions per hour; but, since the small hand accumulates 30 
revolutions of the large hand, the watch has a total cycle of 30 minutes 
or one-half an hour. With 100 divisions on the dial, each division repre- 
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sents 0.01 minute, and this is the smallest time value which can be read 
with practical accuracy on the decimal minute watch. 

The decimal hour watch has the same number of divisions on ea(;h dial 
as the decimal minute watch, but the large hand makes 100 revolutions 



Courtesy, Ralph M. Barnes, **Motion 
and Time Study^* 

Fia. 19.1. Stop-watch study board with observation sheet for recording data taken 

by the continuous method. 

per hour instead of 60 as on the minute watch. Since the large dial has 
100 divisions, and the hand makes one revolution in 0.01 hour, each 
division represents a time value of 0.01 X 0.01 or 0.0001 hour, and this 
is the smallest time value which can be read with practical accuracy on 
the decimal hour watch. The small hand accumulates 30 revolutions 
of the large hand, or 0.30 hour. The cycle of the decimal hour watch 
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Courtesy, H. Barrett Rogers 

Fig. 192. Observation side of time-study sheet. For convenience, the watch readings shown in 
the columns may be recorded in pencil. The subtracted times shown in the columns, 

as well as all other calculations and identification data, should be recorded in ink for permanency. 
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therefore is only 0.30 X 60 or 18 minutes, instead of 30 minutes as on 
the decimal minute watch. Decimal hours are more convenient for cost- 
accounting and payroll purposes because wage rates usually are con- 
sidered as ^^hourly^’ rates, but the average worker has more difficulty 
in comprehending time values expressed in decimal fractions of an 
hour than those expressed in minutes. Furthermore, machine speeds 
customarily are rated in terms of minutes, such as revolutions per minute 
or strokes per minute. The deci- 
mal minute watch therefore is more 
widely used. 

On the decimal minute stop-watch 
shown in Fig. 19.3 the hands may be 
started or stopped, without resetting, 
by moving slide A. Pressure on the 
stem B resets both hands back to zero, 
whether the watch is running or has 
been stopped. If the hands have not 
been stopped by the slide A, they will 
remain at zero as long as the stem B 
is held down but will start as soon as 
the pressure is released. It is this ease 
of resetting the hands to zero and 
starting them again by a quick pres- 
sure and release on the stem that 
makes “snap-back^^ readings possible. 

For all but the most rapid ele- 
ments, or for micromotion studies, the stop-watch remains the most 
practical timing device for most time-study work. Perfectly satis- 
factory time studies can be made with any ordinary pocket or wrist 
watch, especially if it has a sweep second hand; but the times neces- 
sarily will be recorded in minutes and seconds, and extra calculations 
will be necessary to convert the seconds into minutes. The principal 
advantage of the stop-watch is the convenience in starting and stop- 
ping the hands and resetting them back to a zero starting point. In 
addition, the outer dial usually is divided into 100 divisions so that frac- 
tions of revolutions of the hand can be added more easily as decimals. 

The motion-picture camera. Frank B. Gilbreth also utilized the mo- 
tion-picture camera in determining time values, by placing a special clock 
or microchronometer (Fig. 19.4) in the field of vision and obtaining the 
^^therblig times^^ from an analysis of the film. He built up very satisfac- 
tory arguments for the utilization of this method where the elements are 
short and the work is on a standard product. 



Courtesp. Ralph M. Barnes^ 
** Motion and Time Study'' 


Fig. 19.3. Stop-watch. 
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Modern motion-picture cameras used in photographing operations are 
frequently equipped with electric motors that operate the camera at 
constant speeds. By counting the frames that cover a particular opera- 
tion, the exact time elapsing may be determined. Thus the moving pic- 
ture not only becomes a permanent record of the operation but a timing 
device as well. It provides an accurate record of everything that trans- 
pires. It is possible to restudy the operations scientifically without the 

distraction of production going on 
at the same time. The film may 
be run at slow speeds and thus a 
particular motion may be analyzed 
in detail. Some operators are so 
fast that the human eye can 
scarcely detect their movements. 
By the use of the motion picture 
their motions may be slowed down 
for analysis, and exact time values 
determined. For instance, it is 
possible to determine the exact 
time required for an operator to 
shift his eye and focus on an ob- 
ject. This would be practically 
impossible by any known tech- 
nique other than motion-picture 
analysis. Waste motions may be 
studied not only by the observer 
but also by the operator himself. The motion picture thus becomes not 
only an excellent device for correction but also a valuable aid in instruc- 
tion. 

The use of motion pictures in time and motion analysis is somewhat 
expensive but by no means prohibitive. The expense increases propor- 
tionately to the length of the operation cycle studied. Relatively few 
time-study men are trained in the use of the motion-picture technique. 

Porter^s ‘‘wink counter.” The microchronometer dial must be rather 
large for the divisions to be seen easily in the moving pictures and takes 
up such a large portion of the picture that the camera must be too far 
away from a normal-sized bench top for the hand movements to be 
analyzed easily. Furthermore the operator constantly is aware of the 
large clock, particularly of its rapidly moving hands, and the psycho- 
logical effect is undesirable. To avoid some of these difficulties. Professor 
David B. Porter of New York University devised a ‘Vink counter.” 
This is an electric clock mounted in a relatively small box and having 



Courtesy, Ralph M. Barnes, 
** Motion and Time Study*^ 


Fig. 19.4. Electric motor-driven micro- 
chronometer. The large hand makes 20 
revolutions per minute, and the small 
hand makes 2. 
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three revolving discs with large numerals on the edges; it is read like 
an automobile speedometer. It can be read accurately to 0.005 minute, 
and for use in motion pictures a revolving helix permits still smaller 
readings. The device is small, requiring less than one quarter as much 
space in the picture as the microchronometer, yet the large numerals 
make it easy to read. Without the fast-moving hands it is less annoying 
to the operator. However, it does require an electrical connection, which 
is not always conveniently available. 

The Marsto-Chron. For time studies with a stop-watch the observer 
not only must watch the operation, but he also must read the watch 
and then look at the paper to record the watch reading in the proper 
place. To permit the observer to focus his attention on the operation, 
the Marsto Instrument Company, Waban, Massachusetts, has developed 
the Marsto-Chron. The beginning and end of the operation are recorded 
by pressing two keys, and the end of each element is recorded by pressing 
one key. Pressure on either key depresses a type bar, making an instan- 
taneous mark on a narrow crosswise motor-driven tape which moves at 
the rate of 10 or 20 inches per minute, depending upon the motor drive 
used. Time values of 0.01 minute or less can be recorded with consid- 
erable accuracy, and the observer has no watch to read or readings to 
record at the time of taking the study. On very short, highly repetitive 
operations, and those in which the element sequence never changes dur- 
ing successive cycles, the time values can be identified with the proper 
elements according to the sequence of occurrence on the tape; and the 
values can be measured by sliding the tape under transparent scale, 
calibrated in minutes to correspond with the running speed of the tape. 
If minor interruptions occur during the cycle or if the element sequence 
changes, however, it is practically impossible to identify the element to 
which a certain time value belongs. In its practical application, there- 
fore, the Marsto-Chron is limited to use on short cycles of not more 
than perhaps 10 or 12 elements, and to operations in which the elements 
are less than about 0.05 minute. 

Barnes’ kymograph. The kymograph (Fig. 19.5), developed by Dr. 
Ralph M. Barnes at the University of Iowa, is similar in principle to the 
Marsto-Chron. It uses a motor-driven tape, such as adding-machine 
tape. Three or four pencils (or possibly more) rest on the tape, making 
continuous lines lengthwise of the tape. The pencils are controlled by 
solenoids which, when actuated, cause the pencils to move a short dis- 
tance crosswise of the tape, thereby making jogs in the pencil lines. 
Distances between the jogs indicate the time values, and a considerable 
variety of elements can be identified by the various combinations of the 
jogged lines. The solenoids are actuated electrically by photocells, push 
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buttons, or other contacting devices. Considerable time is required to 
interpret the data on the tape into usable form, but with a fast-moving 
tape extremely small time values can be measured accurately. With 
coded identification of the elements, and the several means available for 
actuating the solenoids, the k3’’mograph is a convenient laboratory in- 
strument for certain types of research problems. 



Courtesy, Ralph M, Barnes, ** Motion and Time Study^* 


Fig. 19.5. Electrically operated kymograph measures and records time. Paper tape 
passes through the machine at a uniform speed of 2000 inches per minute, and 
solenoid-operated pencils mounted above the tape may be used to mark the begin- 
ning and end points of therbligs or of other subdivisions of an operation to be timed. 

Although these various instruments are valuable research tools, they 
are rarely used in industry for every-day operations. The stop-watch 
is the primary tool of the time-study engineer. The camera is secondary 
to the stop-watch, and the other instruments are by comparison rela- 
tively unimportant when viewed from the standpoint of actual use. 

Preparation of the observation sheet. In establishing the conditions of 
studies taken for rate setting, it is essential that the observer see that they 
are standard and that they can be repeated at any time. Complete in- 
formation makes possible not only the checking of the study while it is 
being taken but also the checking of it at some future date when the 
rates set on it as a basis may be questioned. If conditions are carefully 
noted, they may be readily re-established at any future date, or at least 
it may be determined wherein new conditions differ. 
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Complete identification of the job will include such items as date of 
observation; name of observer; name of worker and perhaps his qualifi- 
cations; material identification; equipment and tools; name and part 
number of the finished product; position of the operator — whether sitting 
or standing; height of work place; temperature, light, and possibly rela- 
tive humidity; cutting speeds and feeds; sketch showing important di- 
mensions (or occasionally photographs) ; and any other possible data 
which may have any bearing on the manner of doing the work. Many 
time studies are relatively worthless for later use because the observer 
failed to record complete details of the job conditions. Figure 19.6 illus- 
trates the pertinent data that should be recorded. 

Approach to the operator. On completion of the preliminary work the 
observer is ready to begin the actual observations and recording of times. 
To secure accurate results the observer must stand in such a position that 
he can see exactly what the worker is doing and, as far as possible, exactly 
what the machine is doing also. The observer should be behind, not in 
front of, the employee. This will lessen the strain of being observed, 
which increases if the worker tends to look up to see what the observer 
is doing. Ordinarily the correct position will be about 5 to 6 feet in the 
rear and to the right or left of the employee. If the operator must stand, 
the observer also should stand, out of courtesy to the worker. If the 
worker sits during the operation, the observer may sit if he can do so 
without being conspicuous or in the way of the operator or other workers. 
In general, however, the observer should stand in order to see the opera- 
tions better, to be more alert, and to make more accurate recordings on 
his study. 

The number of observations required. Time study involves a sampling 
procedure. As in all sampling techniques a sufficiently large number of 
readings must be taken to obtain fairly representative times for the 
operation. 

The number of observations of any operation that are required in 
order to secure sufficient information will vary with the type of work 
involved. In the illustration (Fig. 19.2) 10 observations were taken. If a 
comparatively long time is necessary to perform each of the elements of the 
operation and it is clearly seen that the operator has achieved a rhythm 
that results in approximately a uniform rate of work, only a few observa- 
tions, for instance, 10 to 20, might be necessary. This is especially true 
if the job involves work on automatic machines, with but a small per- 
centage of handling time. 

On operations of less than one-half-minute duration, perhaps as many 
as 100 cycles should be timed. On longer operations, of say 15- to 30- 
minute duration, from 5 to 10 cycles may be sufficient. In jobbing shops, 
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where orders are small, the observer may be unable to obtain readings 
on more than 1 or 2 cycles. 

Taking the time study. Figures 19.2 and 19.6 portray the steps in tak- 
ing a time study. Across the top are shown the descriptions of the various 
elements determined for the purpose of this study. In taking the study 
the observer will record elapsed time on the observation sheet, as indi- 
cated in the example. It will be noted (Fig. 19.2) that in the space 
below the elements will be found two sets of figures expressed in minutes 
and hundredths of a minute. Those in the space below represent 
the continuous times or ^'readings,^^ recorded as the study is made for 
the operation as a whole. Those in the space below “T^^ represent the 
times for the elements, which are computed from the continuous times 
after the observations have been completed. In the accompanying study 
the watch ran continuously from the beginning of the study until the end. 
For instance, in the ninth observation under the seventh element the 
letter A is inserted. In the extreme right-hand column it is explained 
that the worker talked to his supervisor. The advantage of this system 
is that necessarily all happenings during the progress of the operation 
must then be noted and explained on the observation sheet. This practice 
is particularly desirable in a job study for developing standard condi- 
tions, so that all interruptions that have occurred, of whatever character, 
may be studied with a view to prevention of recurrence. The disadvan- 
tage lies in the necessity of entering three or more figures instead of two 
for each observation taken after the pointer of the stop-watch has made 
one complete revolution. This objection may be obviated, as is shown 
in Fig. 19.2, by merely recording the total figures once or twice during 
each cycle. A second method of reading the watch is to start over again 
at the end of each cycle. A third method is to snap back the watch at 
the end of each element. This method is not accurate for short elements. 
It does, of course, have the advantage of recording only the actual times. 

It will be noticed that elements 1 through 11 occur regularly in every 
cycle. Certain productive elements, however, do not occur on every 
cycle but may occur at rather regular intervals for some multiple number 
of cycles. For example, the reading on line 4, column 12, indicates that 
the drill was considered too dull for good performance and the operator 
went to the toolroom for a new drill, the interruption consuming 6.29 
minutes. Also on line 10, column 13, it is shown that 0.53 minute was 
required to change containers. Neither of these two activities occurred 
as regular elements within the normal cycle, but they are required at 
regular intervals in the process. Therefore they are considered as pro- 
ductive elements and are shown along with the regular elements, but 
they must be apportioned to the cycle time as explained later. 
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Securing the time for each element. The time for each element is 
secured by subtracting the continuous time recorded below the prior 
element from the continuous time for the element in question. For in- 
stance, on line 8, element 1 (Fig. 19.2), the continuous reading is 2577 
(the 25 is omitted in recording), and the reading for element 2 is 2582. 
By subtracting 2577 from 2582 the time for element 2 is found to be 
0.05 of a minute. 

These individual times are usually accurate, because the stop-watch 
hand will make three forward moves each 0.01 minute. Thus, if the 
hand were stopped, it would be possible to read down to 0.003 minute. 
However, 0.01 minute is a close enough observation for almost any 
purpose, for fRe observer will ordinarily read up 0.01 minute as often 
as he will read down 0.01 minute, and any slight errors in observation of 
this nature will automatically adjust themselves. 

Micromotion analysis. The making of a micromotion study in the 
form of a simo chart requires considerable time and in many instances is not 
justified (see Fig. 19.7). It is, however, an excellent training device and 
well worth making from time to time for training purposes if for no other 
reason. Figure 19.8 is illustrative of the detail that may be shown for a link- 
forming operation. Either the simo chart or the analysis sheet of the 
micromotion study may be made independently. It is not necessary to 
make the simo chart in order to make the micromotion study. 

A micromotion study may be made as the result of a careful analysis 
of an operation with or without the aid of a motion picture of the opera- 
tion. A motion picture of the operation is particularly helpful in that 
it facilitates getting all the detailed actions of both hands or other mem- 
bers of the body if they are involved. A micromotion analysis is par- 
ticularly valuable in calling attention to time when one hand is idle; this 
idle time may be avoided by a rearrangement of the sequence of opera- 
tions. Because of this fact the first micromotion analysis may be merely 
a tool to aid in perfecting the standard operation desired. When all 
corrections have been made, a final micromotion study serves as a valu- 
able record of the standardized operation. In the construction of what 
is expected to be a final motion analysis, further improvements suggest 
themselves. 

Synthetic time studies. When careful data covering various elements 
have been accumulated, these data may be used in establishing synthetic 
time values for similar operations. This is true especially when there are 
many different operations of a similar class of work, such as that on 
lathes, drill presses, or punch presses. These elemental times, to be of 
use in building synthetic times, should be established with great care 
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under standard conditions.^ When this has been done and a new job 
is to be undertaken, all that is necessary is to construct a detailed opera- 
tion sheet for the task and select the appropriate elemental times for each 
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Courtesy, Ralph If. Barnes, **Motion and Time Study'' 
Fig. 19.7. Standard symbols and colors for commonly used therbligs. 


element from time values already established for similar work. The 
total of the elemental times, when adjusted for allowances for fatigue 
and other conditions, gives the operating time allowed for the operation. 

1 See Ralph Barnes, Motion and Time Study, 1940, pp. 288-300, for an excellent 
discussion of the determination of time standards from elemental time data. 
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MJCRQMOTION STUDY 


FART Link for typewriter 
OPiRATioH Form link for typewriter 

DESCRIPTION 

LEFT HAND 

Returns cismpino lever end releases it 


Moves hand to fixture 


DEPARTMENT 9 FIUM NO. C18 

OP. NO. Gll 

DATE 2-15-37 madebyS.A.R. sheet no. 1 OF 1 
|o w DESCRIPTION 

ji ^ OF A min. ^ RIGHT HAND 


j 4 Reaches for material 


Grasps formed link In fixture 


Carries formed link to left and releases it 


Selects and grasps one piece 


6 lor Csrries piece to fixture 


Moves to clamping lever and grasps knob 


Inserts piece In fixture and releases It 


Moves lever to extreme left 


' — Reaches for forming fever 

n and grasps knob 


Holds 'ever In this position 


5 U Forms 1st end of link 


Returns lever to original position and 
releases it 


Returns forming lever and releases It 


Moves hand to fixture 


: 4 Moves hand toward fixture and 

- AA waits for left hand 

- AA 


Grasps piece, turns it end for end in fixture' 0 
and releases it ^ 


Moves hand to fixture 


Moves to clamping lever and grasps knob ^ 3 j 


0 0 Assists left hand In turning piece 
* end for end in fixture 


Moves lever to extreme left 


1 2 ^ Reaches for forming lever 

T) end grasps knob 


Holds lever in this position 


5 U Forms 2nd end of link 


Returns clamping lever and releaaes It 


Returns forming lever and releases It 


Courtesy, Ralph M, Barnes, Motion and Time Study' ^ 
Fig. 19.8. Simq chart of link-forming operation. 
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The use of synthetic standard times enables the production department 
to plan its schedules even before the first piece has been produced. Such 
a program is particularly valuable in estimating the cost of producing 
parts when quotations are asked with only the blueprint specifications 
available. 

Synthetic time studies from elemental body-movement time values. 

There is a growing interest in the development of time values for ele- 
mental body movements. A few companies have made extensive use of 
this technique. The steps in this procedure are as follows: 

1. Separate the operation into its basic elements. 

2. Separate each operation element into its therbligs or elemental body move- 
ments. 

2.1. If two or more body movements are executed simultaneously, the time 
required for the longest therblig is controlling. 

2.2. In some cases simultaneous body movements do not have the same time 
elements as each movement does when executed alone. This difference 
must be allowed for in computations. 

3. Assign time values for each therblig in each operation element. 

4. Total the time values for each therblig in each operation element. 

5. Add allowances for fatigue and similar conditions to determine the required 
operating time. 

Synthetic time values for industrial operations derived from basic 
therblig standard times have not as yet received general acceptance in 
industry. This field for pure research is a fertile one. Should it be 
definitely established that these body-movement time values are constant 
or vary in a determinable ratio, this method of establishing operation 
time values will revolutionize our present method of time and motion 
study. Under this system the observer would not require a stop-watch 
or other timing device. He would merely motion-study the operation, 
establishing carefully the operation elements and their resulting therbligs. 
He would return to his office, fill in the time values for the body-move- 
ment therbligs, and add the machining time ^ required and allowances for 
fatigue and personal needs to establish the operation time.® At least 
one large manufacturer in Chicago is experimenting with such a program. 
The results achieved to date seem encouraging. 

2 Machining time can usually be supplied by the manufacturer of the machine. If 
these data are not available, it would of course be necessary to establish such standard 
times by actual checking with some type of timing device. 

» See Walter G. Holmes, Applied Time and Motion Study, Ronald Press Company, 
New York, 1938, pp. 217-280, for an excellent discussion of body movements and time 
values for them. 
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ESTABLISHING TIME VALUES BY TIME STUDY 

Finding the selected operation time. For illustrative purposes it may 
be assumed that the method of recording the times in Fig. 19.2, p. 282, 
has been usecf" Several methods of working up the time-study results 
will be described. They may be termed the ^^average^^ method, the 
“minimum” method, the “modal” method, and the “good time” method. 
They will each be described; but before they are taken up in detail, 
certain features which are common to them all will be pointed out. 

The first step in any method is to throw out the “abnormal” times. 
These are times recorded for individual elements that are clearly in error 
when compared to the other times recorded. The error may be due to 
one of the following causes: 

1. Some delay which will seldom occur or some variation in the way that the ele- 
ment was performed which will seldom be rej^eated. 

2. The wandering of the worker’s attention, for instance, talking to a fellow- 
workman. A certain degree of lack of attention to a job not only is likely to occur 
l)ut also is desirable, if undue strain is to be lifted from the workers. Such time as 
is necessary for this, however, should not be included in operation time but should 
be added in the form of an allowance, after operation time has been determined. 
Other allowances must be added in like manner. 

3. Some mistakes on the part of the observer in reading the watch, which can gen- 
erally be detected by the fact that the time of either the preceding or the succeeding 
element is likely to be abnormal, whereas the sum of the two abnormal times will 
be approximately the sum of the average times of the two elements. 

Striking out abnormal values, either higher or lower than the general 
average, calls for fine judgment on the part of the observer. Nevertheless, 
it may be assumed that any time which varies more than 25 or 30 per 
cent jrom the average may be stricken out of the calculations. On short 
elements it is not always practical to adhere to the percentage basis. 
Some observers do not agree with the practice of eliminating the ab- 
normal values. There are a few kinds of work in which the abnormal 
values should be figured in, when working up the study. These include 
construction work and repair work. 

In the “average” method, which is the simplest, those individual ele- 
ment times which remain after the abnormal readings have been elimi- 
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nated are averaged. A more appropriate name for this method of select- 
ing the operation time would be the ^^selected average” method. (An 
occasional observer may use the straight mathematical average or arith- 
metic mean without discarding abnormal times. Such a plan is absurd 
when some of the readings are obviously abnormal, but it would probably 
cause no special difficulty if the variations are only on the borderline 
of being abnormal.) If the average method is used, these average times 
will also be the average selected times and will be so indicated in the last 
column of the observation sheet. The selected operation time under this 
method is found by adding up the average time of the separate elements. 
This is the simplest method and the one commonly used. The objection 
to this method is that it may make the individual element times and 
hence the final operation time too high, because it includes all observa- 
tions other than those which were abnormal. In adding allowances, these 
higher times are automatically taken care of, and this method has the 
effect of giving too much weight to the higher times. 

The method provides for taking the absolute minimum 

for each element, namely, that time which, in all the observations, was 
the fastest for any one element, and then adding these together to get 
the selected operation time. (The minimum method excludes the abnor- 
mal times before selecting the minimum.) In this method, therefore, the 
minimum time and the selected time are the same. This has the effect 
of materially reducing the selected time below the value which would be 
found under the average method. For instance, in the illustration given, 
the selected time for the complete operation cycle of 10 elements (Fig. 
19.2, p. 282) , would, under the average method, be 1.026 minutes, whereas 
under the minimum method it would be 0.917 minute. It is generally 
believed that this method is too severe and is not fair to the workman, 
even with the addition of allowances, since to choose the minimum time, 
which might have occurred only once out of 20 observations, usually 
means taking a time that is just over the 25 per cent borderline and is 
not quite thrown out. 

The ^^modaP^ method is one of the two most frequently used. It con- 
sists of taking the most frequently recurring element time in the observa- 
tions as the time for that element. Thus, in element 4 in the illustration, 
the time 0.07 recurs 4 times, whereas the time which recurs next most 
frequently is 0.06, 3 times. Therefore, 0.07 would be taken as the selected 
time for that element. The selected operation time is secured by adding 
together the various element times thus secured. If two elements recur 
with equal frequency, usually the average of these elements is taken. 
The modal time is generally less than the average time and is, of course, 
always greater than the time secured by the minimum method. The 
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modal method eliminates the objections to the two previous methods and 
at the same time gives a selected time which can be achieved, as is evi- 
denced by the fact that it is composed of the elementary times which were 
themselves most frequently achieved. 

The “good time^^ method is merely the modal method applied with 
some degree of flexibility. In the good time method a time which recurs 
with reasonable frequency is selected rather than the one which happens 
to occur most frequently. The fact that the time recurs a number of 
times indicates that it can be made, and the justice of this method lies 
entirely in the interpretation of “reasonable.^^ A time to he reasonable 
certainly shoy!St appear in jrom 10 to 15 per cent oj the observations. 
The time selected may presumably be the modal time, but it is likely 
to be somewhat lower. 

Leveling factor. To the extent that the observed worker varies from 
the average skilled worker, an adjustment of the time will need to be 
made in the allowances, or by empirical judgment, or according to some 
scale that has been derived by experience. If the worker studied is an 
average worker, possessing average skill, working under average condi- 
tions, exerting average effort, and maintaining this effort with average 
consistency, the selected operation time will need no adjusting. Some 
time-study men argue strenuously against any formula type of leveling 
factor.^ The technical details of their arguments are too extensive for 
presentation in the limited space permissible in a book on industrial 
management. It is undoubtedly true that the use of the table to be 
described (Table 20.1) requires judgment of the same type that is neces- 
sary in making adjustments empirically. The table, however, has at least 
one value. The observer is definitely required to evaluate at least the 
four factors of relative skill, effort, conditions under which work was 
performed, and consistency of work. A conscious effort to evaluate these 
four factors will tend to greater uniformity in leveling than an over-all 
estimate not broken down. 

The selected time value taken from the observation of the worker is 
adjusted to correspond to the time that might reasonably be expected 
of an average worker. This adjustment is accomplished by multiplying 
the selected time by a leveling factor, which is obtained from Table 20.1, 
according to the following illustration. Assume that the worker possessed 
excellent skill (Bl), worked under fair conditions (E), exerted good 

^See Walter G. Holmes, Applied Time and Motion Study, Ronald Press Company, 
New York, 1938, p. 200; also Ralph Presgrave, The Dynamics of Time Study, Uni- 
versity of Toronto Press, Toronto, 1944, Chapter 6, for an interesting discussion of 
leveling. 
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effort (Cl), and was average (D) in consistency. The numerical equiv- 
alent for each of these factors added to unity algebraically would be the 
leveling factor, 0.11 + (—0.03) + 0.05 + 0.00 + 1 = 1.13. Since the ob- 
served worker is above the average, it would be expected that his time 
would be shorter than the time required by the average man. By multi- 
plying the selected operation time by 1.13, the time for the average 
worker would be determined. This normal time would still have to be 
corrected for allowances for personal needs, machine set-up time, and 
other such factors. 


TABLE 20.1 

Performance Rating Chart * 


Skill 

Effort 

+0.15 

A1 

Superskill 

+0.13 

A1 

Killing 

+0.13 

A2 


+0.12 

A2 


+0.11 

B1 

Excellent 

+0.10 

B1 

Excellent 

+0.08 

B2 


+0.08 

B2 


+0.06 

Cl 

Good 

+0.05 

Cl 

Good 

+0.03 

C2 


+0.02 

C2 


0.00 

D 

Average 

0.00 

D 

Average 

-0.05 

El 

Fair 

-0.04 

El 

Fair 

-0.10 

E2 


-0.08 

E2 


-0.16 

FI 

Poor 

-0.12 

FI 

Poor 

-0.22 

F2 


-0.17 

F2 


Conditions 

Consistency 

+0.06 

A 

Ideal 

+0.04 

1 

A 

Perfect 

+0.04 

B 

Excellent 

+0.03 

B 

Excellent 

+0.02 

C 

Good 

+0.01 

C 

Good 

0.00 

D 

Average 

0.00 

D 

Average 

-0.03 

E 

Fair 

-0.02 

E 

Fair 

-0.07 

F 

Poor 

-0.04 

F 

Poor 


•Stewart M. Lowry, Harold B. Maynard, G. J. Stegemerten, Time and Motion 
Study, McGraw-Hill Book Company, New York, 1940, p. 233. Reproduced by per- 
mission of the publisher. 
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Allowances. The normal time secured by multiplying the selected 
operating time by the leveling factor is not the standard time for rate 
setting. Certain allowances must be added to cover such factors as the 
following: 

1. Preparation time of the machine. It will be noted that the machine will have 
to be prepared to do a job only once, although the job may be repeated many times 
in succession. This is therefore in the form of an allowance rather than an element 
of the operation. 

2. Necessary machine delay. 

3. Fatigue of the operator. 

4. Personal needs of the operator, oiling machine, etc. 

5. Material hSfeling. The operators frequently must move trays or pans of ma- 
terial to and from their machines or benches. 

6. Supervision received from the foreman or given to a learner or helper. 

7. Getting miscellaneous, supplies and tools, replacing broken tools, or grinding 
tools if the operator grinds his own tools. 

8. Machine interference if the worker is operating more than one machine and the 
cycle becomes unbalanced. One machine may become idle before the operator gets 
another machine started. The chances for this type of idle time increase with the 
number of machines operated by one man. 

The preparation allowances may sometimes be determined with as much 
exactness as the selected time. On the other hand, the provision for 
proper allowance for machine delay, fatigue, personal needs, and other 
such factors must involve as an element the judgment of the person who 
computes the allowance. Therefore, ij care is not utilized in making the 
allowances, any amount of care utilized in timing the operation or select- 
ing the unit times may be voided. 

The determination of the leveling factor is primarily a matter of judg- 
ment based upon experience and training. In many cases this is also the 
basis of allowances, yet it need not be. Careful studies should be made 
of individual machines, operations, and work centers to provide the data 
needed for making allowances. Two methods may be used for securing 
these data: (1) the all-day delay time-study method and (2) the fre- 
quency ratio delay method. 

The all-day delay time-study method is the one most commonly used. 
It consists of making studies of a group of workers or a work center for 
a period of a day or. longer to record and analyze necessary delays. This 
information is then broken down to correspond to the proper operations 
and applied as a percentage allowance. 

For the frequency ratio delay method ^ the time-study man prepares 
a small pocket notebook with a separate sheet for each operator within 

2 The author is indebted to Professor H. Barrett Rogers for this description and 
for his assistance in preparing these chapters on naotion and time study. 
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a general work center.® On each sheet is listed productive time and the 
various classifications of delays that may be expected. Over a period 
of several weeks or months the observer will make many trips past the 
workers at various times of the day or week. Each time he passes a 
worker, he makes a tally mark under the type of activity with which the 
worker momentarily is occupied. After a minimum of about 500 tally 
marks have been collected for a work center, a reasonably accurate 
allowance factor can be determined. Obviously the more tallies avail- 
able, the more accurately the factor will represent the average condi- 
tions. This method is relatively new, and because it is not well known, 
it is not widely used; it is based on sound principles, however, and has 
proved highly satisfactory in actual applications. It is economical of 
the observer's time because the tallies are made while the observer is 
on his way to perform other duties. 

Standard time. The taking of time studies for the purpose of setting 
rates furnishes a basis on which definite standard times may be set. The 
selected operation time is the time in which the operation can be per- 
formed by a highly skilled worker under ideal conditions. 

The selected operation time can be ^^ade,^^ but is not usually made. 
This manifestly would be an unfair basis for the setting of rates. It is de- 
sired to fix a time that will be within the ability of any average worker, 
properly instructed. This time, which is secured by leveling the selected 
operation time and adding the allowances, is known as ^^standard time.^^ 

The measure of the fairness of the standard time which has been set 
is the ability of the average worker to make it, and the ability of the 
superior worker under good conditions to excel it. One purpose of motion 
and time study is to set a time which will enable the worker to accom- 
plish the maximum amount of work with the minimum amount of fatigue. 
It is only with such a time standard that maximum production can be 
maintained day after day. 

The relationship of the allowances to standard time is important. One 
of the chief criticisms leveled at time study has been that it sets a rate 
which only the best workers can hope to achieve. This criticism is not 
valid. The leveling factor reduces the observed time to the normal time 
that an average worker can make. By adding allowances the normal 
time becomes the standard time for the average worker, all the factors 
of the work situation being taken into consideration. Further comments 
are in order concerning the nature of some of these allowances. 

® See Robert Lee Morrow, Time Study and Motion Economy, Ronald Press Com- 
pany, New York, 1946, Chapter 16, p. 176, for an interesting discussion of the ratio 
delay study for allowances. 
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“Setup”-time allowances. In any type of work that is not purely 
manual there is involved some preparation of the machine to receive the 
work that is to be done. The “setup^^ of the machine from the last job 
must be changed. The importance of this task, the length of time that 
it takes, and the frequency with which it must be done differ from job 
to job and from industry to industry. Preparation time may not always 
be treated as an allowance. The preparation of the machine may in 
some cases be regarded as a separate operation, or it may be wiser to 
regard it as an element of the operation to be performed. 

In by far the largest number of operations, the machine is set up once, 
and then the aeration is performed several times in succession before 
resetting the machine. It is in such cases that a preparation allowance 
is necessary. Illustrations of such jobs are to be found in great number 
in many industries, for instance, setting up a punch press and a turret 
lathe in metal-working, a lining machine in stationery manufacture, and 
a loom in weaving. A setup may be completely or partially like that 
from the previous operation on the machine. In many cases it is more 
logical to use the setup time as a separate operation, not including it in 
the operation time of the pieces manufactured. In other situations the 
setup time is divided by the average number of pieces usually run, thus 
giving the setup time as a part of the selected operation time. For in- 
stance, if it takes 100 minutes to make a setup for a machine that is to 
run 1000 pieces, the allowance per piece for setup will be 0.1 minute. 

Allowance for personal needs. The time required for personal needs 
varies more with the individual than with the type of work; however, 
with the same individual more time will be required for personal needs 
when performing heavy work or when working under unfavorable con- 
ditions of humidity and heat than when doing light work or laboring 
under more favorable conditions. It is not unusual for women to require 
more time for personal needs than men working under the same condi- 
tions. The allowance for the personal needs of the workman is frequently 
calculated so as to take care also of the regular oiling and care of the 
machine. This allowance is sometimes known as the ‘^shop constant^^ be- 
cause it is usually the same for all operations in the shop. It is ordinarily 
based on a percentage between 2 and 5 per cent of the selected operation 
time. 

Delay allowances. Delay allowances include allowances for lost time 
due to occasional variations in material and interruptions by supervisors, 
and machine delay allowances for delays due to diflSculties with machines 
or equipment, which may be outside the control of the operator. It is 
in the making of the delay allowances that the most care is needed, be- 
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cause, unless they are carefully set, they may be so large that all the 
previous care taken in making and working up the study may be wasted. 
All-day time studies provide a rational basis for calculating appropriate 
delay allowances. When conditions that modify the delays change, the 
delay allowance should be revised. 

Fatigue allowances. The first factor in setting the fatigue allowances 
is the working conditions. If the shop is clean, well lighted, and well 
ventilated, they may be disregarded, as far as fatigue arising from general 
working conditions is concerned. If these conditions are not right and 
cannot be immediately made right, allowance must be made. The next 
factor is the length of the cycle of the operation. In general, the shorter 
the cycle, the greater the necessary fatigue allowance. The amount of 
physical exertion required must also be considered. , If a job requires 
considerable physical exertion, the influence of the fatigue factor is large. 
On such jobs, however, the original study should extend over a large por- 
tion of a day, in order that the fatigue factor may directly influence the 
selected operation time. The presence or absence of stated rest periods 
should also be considered. 

The study of fatigue. Physiologically speaking, fatigue is the result 
of poisonous waste matter in the system, and, since all labor produces 
this waste matter, to eliminate fatigue is to eliminate labor. There are 
two kinds of fatigue, normal and cumulative. Normal fatigue is weari- 
ness that is overcome by rest and need not be considered an industrial 
problem except for making due allowances in operating times; it may 
even be thought of as wholesome fatigue, which is similar to the pleasure 
derived from exertion in sports. Cumulative fatigue, resulting from over- 
strain, can be caused by too much work, too sustained work, or too 
monotonous work. 

Signs of the presence of cumulative fatigue may be found in a study 
of production or accident records within an organization. If production 
tends to fall toward the end of the day or the end of the week, or if acci- 
dents seem to be unduly high at these times, it may be assumed that in 
the operations affected there is some cumulative fatigue which should 
be eliminated. The study of fatigue provides a fruitful field for industrial 
research. There is little evidence that modern industry, with persons 
working an 8-hour day, creates any cumulative fatigue that is harmful. 

The influence of monotony is immeasurably greater than is ordinarily 
suspected. On the other hand, a number of operations frequently termed 
monotonous are far from objectionable to many persons. The attitude 
of the worker toward his job is largely controlling as far as monotony 
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is concerned. The following general principles may be stated with a fair 
measure of accuracy: ^ 

1. Monotony is less likely to arise when the machine is entirely automatic. 

‘ 2. Monotony tends to be reduced when the machine operation requires a high 
degree of concentration. 

3. Monotony is most likely to occur when the machine operation requires the 
worker to be ever watchful, yet not enough care is necessary to keep his mind fully 
occupied. 

Rest periods.® Fatigue elimination consists of improving equipment, 
as discussed under standard equipment; eliminating useless and tiring 
motions, as fi|yeloped by job study; varying the job so as to relieve 
monotony; and providing rest periods. 

Stated rest periods of 5, 10, or 15 minutes during the morning and the 
afternoon are particularly successful with women workers, especially if 
machinery can be stopped during these times. 

Professor Ralph M. Barnes ® has pointed out that rest periods are 
desirable in both light and heavy work for the following reasons : 

1. Rest periods tend to increase the amount of work done in a day. 

2. Rest periods are pleasing to the workers. 

3. Rest periods tend to encourage the worker to maintain a level of performance 
nearer his maximum capacity. 

4. Rest periods reduce physical fatigue. 

5. Rest periods reduce the amount of personal time taken out during the day by 
the worker. 

Total operation time. In the upper left of Fig. 19.2, p. 282, the time 
for each element is given. Assume that the worker was rated as follows 
from Table 20.1: skill Al, effort E2, working conditions E, and consist- 
ency F. This would give 0 as a leveling factor. The other data would 
be as follows: 



Operator 

Machine 

Total 

Selected operation time 

1.026 

1.865 


Allowance factor 

Standard time (found by multiplying 

1.15 

1.10 


operation time by allowance factor) 
Standard units per hour (60 4- 3.232) 

1.180 

2.052 

3.232 

18.6 


^ See Elton Mayo, Human Problems of an Industrial Civilization, The Macmillan 
Company, New York, 1933; also, H. M. Vernon, Industrial Fatigue and Efficiency, 
George Routledge & Sons, Ltd., London, for a detailed discussion of this subject. 

® See Ralph M. Barnes, Motion and Time Study, John Wiley & Sons, New York, 
1940, p. 140. 

^Ihid,, p. 105. 
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UTILIZING TIME-STUDY DATA 

Setting standard rates for incentive pay. The actual setting of the 
rate may be in the hands of the rate-setting department, the superin- 
tendent or works manager, the personnel department, or a special wage 
and salary committee. The setting of the wage level is primarily the 
responsibility of top management. It may be delegated to the direc- 
tor of personnel with advice from the highest level of operating manage- 
ment. The basic function of the time-study engineer is to establish time 
standards for operations, not to place a price on the work. Nevertheless 
the time established for a given operation materially influences the earn- 
ings of workers who are paid by any system based wholly or partly on 
productivity. The fundamental consideration in rate setting is that a 
rate once set should never be cut by the management. Any other policy 
results in workers being hesitant to turn out maximum production for 
fear that the rate will be cut. Therefore, extreme care is necessary to 
insure that the rate is correct in the first instance. 

A guarantee, usually placed on the instruction card which he receives, 
may be given the workman that the rate set will not be cut. The policy 
of the L. C. Smith and Corona Typewriters, Inc., is an excellent example 
of what plant policy should be in rate guarantees: Their printed guar- 
antee goes to the workman along with his instruction card. The exact 
wording of the guarantee is not particularly important so long as it con- 
veys the idea that management is acting in good faith and will not change 
the standard times unless conditions are materially changed. 

Setting new rates by regrouping old elements. If accurate data are 
accumulated over a period of months and years regarding basic elemental 
times, they may be used in setting time standards for new jobs that are 
similar. In shops manufacturing diverse products, it is impractical to 
take time studies on many orders being manufactured, because of both 
the cost and the promise of early delivery dates. To be in a position 
to compile time standards from previous studies implies not only excel- 
lent studies to begin with, but also a well-worked-out filing system for 
the data that have been secured. Standard nomenclature of operations 
is also a great aid. Comparatively few elementary operations are per- 
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formed in most trades, but there are a great many combinations in which 
these few elementary operations may be performed. Nevertheless, great 
care must be exercised in reusing time-study data to insure that the ele- 
ment in question is in reality the same element studied previously, and 
that the conditions surrounding the new job are such that the information 
already secured may be freely utilized without injustice to either the 
workmen or the management. Many skilled time-study engineers con- 
tend that a standard time established from carefully proven standard 
elemental time values is more reliable than actual observation. The in- 
dividual study may have errors that tend to be neutralized by many 
studies that Iffve proven successful.^ 

Synthetic times and the use of elemental time values were discussed 
in detail in Chapter 20. In many instances a skilled estimator, supplied 
with accurate studies ^f similar jobs and cost data, can sit down in the 
office of his customer and give him a price on a new job that exists only 
in blueprint form. This practice is not uncommon among parts manu- 
facturers that sell to larger manufacturers. 

The instruction card. The distributioni to the worker of instruction 
cards, carefully detailing the method of work on a job, as well as the time 
that the various elements should take, is an important follow-up of time- 
study work. The rate of pay is sometimes included on the instruction 
card. This device insures the utilization of the standard methods which 
have been established during the job study and gives each worker the 
best knowledge on methods of performance. It does not preclude inno- 
vations on the part of the worker, since he may recommend improve- 
ments, but it insures that any new methods which are used will be better 
than old ones and that they will be equally available to all workers on 
a particular task. Some incentive must be offered to the worker to sug- 
gest improvements; he may possibly be allowed personally to retain the 
full benefits of any new methods which he may discover ; he may receive 
special recognition in the form of vacations, or he may be paid a cash 
reward for his suggestion. 

Figures 21.1 and 21.2 illustrate two instruction cards, one for a machine 
operation and the other for a hand operation. 

Instruction cards as an aid to methods. The instruction card is invalu- 
able in crystallizing for future use the best method for the job that has 
been developed by the study. Full information concerning setup, tools, 
and methods of handling materials and tools is indispensable on instruc- 
tion cards. If a worker, through his own initiative, can find a better way 

1 See H. Barrett Rogers, ^Tractical Analysis of Time Variables for Standard Time 
Data,” Proceedings of the National Time^ and MotionrStudy Clinic, Industrial Man- 
agement Society, Chicago, 1944, jp. 21. 
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INSTRUCTION SHEET 


Part Name-SS05?L. 


CaseD 


Cufltomer Amer. Tool Co. 


Part No. 1073 A-F 


Operation No. 6 TR. 


Operation Name Drill rough ong gi<to and f of outaide diameter | 

Dept. ^11 Machine class, 58 Machine name, Jones A Lsmson 

Made by 8. R. K. 


__Approved by S. M. Date 7--0-35 Matl SAE2315 

Tool layout 



Set-up Time: 
New set-up 60.00 
Change of sise 30.00 


No. 

Procedure 


Speed 1 

Feed 1 

Be 

til 

Tools — jigs, etc. 

Set- 

ting 

Ft./ 

min. 

Set- 

ting 

In./ 

rev. 

1 

Pick up and chuck 2 
pieces 







2 

Stut machine and true 
up (if necessary) 







3 

Change speed . . T 







4 

Adv. turret and throw in 
feed 







5 

Rough Outsiob Diam- 
eter (Ji) 



70 

71 

0.014 


6 

Back turret and index. . . 






7 

Advance turret, set 
headstock, throw in 
feed and change speed . 







8 

Drill . 



60 

71 

6.014 


9 





10 








11 

Advance headstock, 

change speed and 
throw in fera 







12 

Rough Face 1 bide .... 



70 

71 

0.014 


13 

Rough Face Hub 

D. ^ X 1 ^ in. tools , 


30 

1 71 

0.014 


14 

Unlock, back and index 
turret 




15 

Advance turret and set 
head stock 







16 

17 

18 

19 

20 
21 

Chamfer Inside Flange 
A dvance head stock. ••• 

E, Form tools 


id' 

Hand 






CnAUFBR HnB ^ 

E. iR* Form toois 


'so 

Hand 



Back turret and index. . . 




hAfirl Mf.rkfilr . . . ^ . 







Stop machine . . , 







22 

Looeen and remove 2 








, 

Tottd handling time for 

two t r 1 I - - - 








Total znachine time for 

twp pieces , , 








Total base time for two 
pieces 








Total base time for one 










Allowances 10 jper cent . 








Standard time m minutes 
per piece. 
















0.12 


0.10 

0.03 


0.06 


$.518 

10.07 


0.12 

0.68 

0.07 

0.08 


0.08 

1.66 


[0.07 

0.09 

0.10 

0.06 

0.10 

0.07 

, 0.12 

0.03 

0.10 

1.47 

4.65 

3.01 

0.30 

\3.31 


V0urte,v. «a.p» WUey i sSk, 

Fig. 21.1. Instruction sheet for turret-lathe operation. 
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H Lb. blue ribbon BOX (Flange) List No. 4623-12 


Cups Unit Noi Name 


Hound 

it 

n 

it 


203 Raspbeiw Cup 

204 Apricot Cup 

221 Strawberry Creme 
275 Coffee Creme 
371 Orange Marzipan 


Cups Unit No, Name 

Round 376 Caramelized Brazil 

* * 392 Croquante Whirl 

‘ * 393 Vanula Caramel 

'' 394 Marzipan Sandwich 

‘ * 396 Tosca Pate 



Heavy lines 
= Foil Covered 
Units 


Make weight with Accommodation Units, one less than weight of last Chocolate. 
If Light Add: 1 Croquante Whirl, 1 Apricot Cup. 

If Heavy Take Out: 1 Apricot Cup. 


Linings (Center) (Emb. E. 

Foil) 

** (Ends) 

Top-Pad 

* * Stock No. 04990— 

To be cleared first 

Cups (Round) 

Wrap 

Wrap fastened on bottom 
with Gloy, ends folded 
and fastened on bottom 
with Gloy. 

Printed Identification Key . 


No, Pott No, Paper Not 

1 13, H X 6, Shaped 8795 

2 4, X 2, 1^6 3226 8796 

1 6, iKe X 4, 1^6 .... 4990 


25 .... 3569 

1 14, iKe X 11, H 2716 142 


1 8, X 6, .... 5070 


Snip — ^Brown. 

Filled on Printed Identification. 

Tear-off Price Seal (Stk. No. 2878) on wrap, top-left. 

Foil (Stock No. 8666) Blue and Silver E. Design — to be used when Stk. 
No. 08^ is cleared. 


Foils 


Stock No. 08666 — Blue Printing on 
Silver. 

Symbol No. F. 136. 

Outer No. R. 976-^Packed dozen. 
Outer tied String — Single. 


New lines OflSce, 
January 14, 1937* 


Width of Reel 3" for Tosca Pate, 
Marzipan Sandwich and Straw- 
berry Creme. 


First packing to be sent to Inspec- 
tion Office. 

Issued to Inspection Office from 
New Lines Office; 


Courtesy^ Ralph M, Barnes, ** Motion and Time Study/' 

John Wiley d Sons 

Fig. 21.2. Inst^tion sheet for packing chocolates. 
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to do the job than that on the instruction card, every facility should be 
offered him to report this improvement to the methods or time-study de- 
partment. This forms one of the logical reasons for a suggestion-reward 
system ; such an improved method should be treated as a suggestion, and 
the job method changed. On new work which is not likely to be repeated, 
the instruction card forms a means of securing a profitable method from 
the first. On work which is repetitive, after the first few times that the 
operation is performed, the instruction card is less for the guidance of 
the worker as to method, since he is probably fully familiar with this, 
than it is for supervisors who may be checking up on the job from time 
to time. 

Securing worker cooperation in checking time studies. When the in- 
struction card with full data concerning time values for the respective 
operations is placed in the hands of the worker, it is a valuable aid in 
securing his approval or criticism. Giving the worker this information 
serves as an additional stimulus for the time-study department to be 
careful with its work. On the other hand, sharing the time-study results 
indicates to the worker that the time-study man is ^^square.” When the 
worker has full information regarding the time allowed for each opera- 
tion, he will naturally complain about any time allotment which he con- 
siders too short or unattainable. If it were always possible to use only 
the one workman who was time-studied for the particular job, all this 
precaution would be unnecessary; but, since this is impossible, full and 
hearty response from each workman must be insured. 

Frequently a complaint is made by some operator that he is unable 
to reach the standard of performance called for on the instruction card. 
This may be due to one of the following causes or a combination of sev- 
eral of them: lack of skill on the part of the operator, trouble with his 
machine or equipment, delays which may have passed unobserved on 
the part of the time-study observer because they did not happen to occur, 
while the study was being taken, an incorrect time study, or an attempt 
by the operator to secure a more liberal time by complaining. If an 
operator seems to be unable to make his standard time with any degree 
of regularity, and this situation is clearly not his fault on the face of 
conditions, it is essential that a new study be made to check the time 
study that has been taken, so that it may be finally determined whether 
or not the task time that has been set is fair. 

Production studies. The new study that is made has been termed by 
some time-study men a ^^production study.^' The production study is 
similar to the all-day time study for allowances, but it seeks to check 
all factors concerning the work, whereas the all-day time study for allow- 
ances concentrates on one factor. The production study usually consists 
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of the observation of the operator during an entire day^s time, or such 
part of the day as he is working on the operation concerning which he 
has made complaint. 

During the observation of the worker in this production study a care- 
ful record is made of all times consumed, including a record of the 
element times in the same way that they were recorded when the time 
study was originally taken. The particular value of this type of study 
is twofold: first, an opportunity is given to check the operation at an- 
other time and therefore to see whether the delays that occur are practi- 
cally the same and are caused in the same way as those noticed when the 
study was originally taken; and second, an opportunity is given to ob- 
serve the ef^t of fatigue upon the worker, inasmuch as the study covers 
an entire day, which is an unusual length of time for an ordinary time 
study. A production study is, therefore, quite as much a fatigue study 
as it is a job study; in reality it consists of a combination of the two. 
It may conceivably happen that a time study which was accurate for jobs 
when they lasted only for several hours will prove to be absolutely in- 
correct for the same jobs when they are carried on for an entire day, 
because of the fatigue caused by performing the work for that length of 
time. 

In order to insure accuracy in a production study, it is necessary that 
the element times be checked against the selected element times of the 
original time study. The observer will usually do this, to some extent, 
as he goes along, so that, if there arc any great discrepancies, he will 
be enabled to see the cause during the time that he is taking the 
second study. On the other hand, much of the result of the production 
study can be secured only by working up the data at its conclusion. 
The charting of the times consumed during certain hours of the morn- 
ing and the afternoon may give the necessary information concerning 
fatigue upon which to base recommendations of change in time allowed 
for the operation, or possibly on which to recommend relief from fatigue 
by means of rest periods. 

Often interesting data obtained from the production study will in short 
order direct the attention of the observer to the causes of the workman’s 
inability to make his standard time. For instance, if it should be found 
that the elements which are entirely handling time are being performed 
well within the selected element time, whereas the elements which are 
entirely machine time are running uniformly larger than the selected time, 
it is obvious that there is something wrong with the equipment or the 
method by which it is being used. At any rate the production study will 
clearly reveal whether a particular operator is unable to reach the time 
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that has been set because of the conditions of the time or the conditions 
of the job, including himself. It may reveal the fact that he is leaving his 
machine more frequently than is necessary, that he lacks skill, that the 
handling time and the time for the adjustment of the machine are unduly 
large, or that the equipment is in poor condition. 

Studies of automatic machinery. Some people consider time studies of 
automatic machinery to be valueless. This would be true if the machines 
were kept busy all the time in productive work at the proper feeds and 
speeds for the particular job and if the most efficient use were being made 
of the operator's time. These two ^^f^s^’ provide ample reason for making 
time studies of automatic machinery. As a matter of fact, such oper- 
ations are among those of which it is most profitable to take time studies, 
and where the results achieved in proportion to the energy expended are 
likely to be large. Taking time studies of this type of job involves find- 
ing out the causes for delay rather than what the time of various elements 
should be. The times for the elements are involved in the continuous 
operation of the machine, which is also an important field of study for a 
methods department but does not necessarily involve time study. 

It is impossible to operate automatic presses, screw-cutting machines, 
looms, or any other type of automatic machinery without interruptions; 
but a study of interruptions determines whether the worker or the ma- 
chine is the cause of failure to reach the set task. Small automatic 
screw-machine shops have often proved a source of large profit to their 
owners on a small investment. On the other hand, similar shops have 
proved to be white elephants to other owners. The difference lies largely 
in whether or not the machines have been kept producing throughout the 
working day. In all automatic machinery, tools become dull or require 
changing, the material supply may run low, or there may be a number 
of other causes for stoppages. A time study of such machinery involves 
taking a production study for a period of a day or more to determine 
which of these stoppages are avoidable and which unavoidable. 

To illustrate, a fine balance must be struck between making full use 
of the machine's time or the operator's. If the machine-hour cost is high 
in comparison to the operator’s hourly earnings, it is more important to 
concentrate on keeping the machine busy even though the operator may 
have idle time. This statement of course does not hold without any 
qualifications. For instance, if the operator’s rate is $1.50 per hour and 
he is kept busy only 28 minutes during the hour to keep a $3.00-an-hour 
machine operating 99 per cent of the time, it will pay to let the machine 
operate 90 per cent of the time, provided that the operator will be kept 
busy an additional 30 per cent of his time and assuming that production 
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requirements will stand this reduction. Each case has to be carefully 
worked out in terms of the particular situation.^ 

When the proper information is at hand, it is possible to set a rate of 
stoppages which will apply to a machine at all times when engaged on 
the class of work studied. This will enable the shop to set standard 
times on the automatic machines which will be entirely within reach, in 
the same way that they may be set on any other machines in the shop. 
The setting of the standard time merely involves taking the capacity of 
the machine and deducting the allowances which have been found by 
the production study to be necessary. 

Securing wMirker acceptance of motion and time study. Some workers, 
particularly those in certain unions, have an antagonistic attitude toward 
time study. On the other hand, some unions have their own highly 
trained industrial engineers. In dealing with a group that is only luke- 
warm or even antagonistic toward motion and time study great care 
must be exercised. The situation is particularly difficult during periods 
of depression when many men are already out of work. An unwise move 
on the part of management during such times frequently precipitates 
conflicts that are more devastating than the inefficiencies corrected. One 
of the best methods of introducing time study in a plant that has never 
used it is by the ^^conference method.^^ The program literally has to be 
sold both to the foremen and to the workers. A class in time and motion 
study :n which both the foremen and the representatives of the workers 
seriously study the objectives and techniques of time and motion study 
prepares them both for its use. It is necessary for absolute honesty to 
prevail. 

Time- and motion-study objectives should be clearly set forth: 

1. To find the one best method of performing a task with due regard to the fatigue 
of the worker. The best method should be the easiest method. 

2. To provide accurate information as an aid in planning and estimating costs of 
new jobs on which the company is quoting. 

3. To serve as a basis for setting an equitable wage. 

Management should recognize that the worker expects to share in the 
benefits of increased production. When standard times are once set, 
they should be rigidly adhered to unless conditions change fundamentally. 
A broken promise is long remembered. Full cooperation from workers 
cannot be expected unless a reputation for square dealing prevails. 

2 See Robert Lee Morrow, Time Study and Motion Economy, Ronald Press Com- 
pany, New York, 1946, Chapter 22, for an interesting discuasion of this subject; also 
L. P. Alford and J. R. Bangs, Production Handbook, Ronald Press Company, New 
York, 1944, p. 629, and Factory Management and Maintenance, Vol. 102, No. 12, De- 
cember, 1944, p. 100. 
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EMPLOYER AND EMPLOYEE 

CHAPTER 22 

THE BASIS OF INDUSTRIAL WAGES 

The power of wages. Wages play an important role in community life. 
This statement is true not only for the people who receive wages but also 
for persons who purchase products or services, because in the ultimate 
analysis a large portion of costs is derived from wage payments. Ordi- 
narily, the scale of living of the worker is, at any given time, directly 
dependent upon the amount and the purchasing power of the wage which 
he is receiving. Usually he has no accumulated surplus upon which to 
draw and no sources of income other than his daily wage. Therefore, 
the wage that is paid places or lifts restrictions on the home life and 
recreation of the worker and affects his personal life in a way unknown 
to any other factor of management. 

The higher the wages that are paid, up to a given point of maximum 
return^ the more effectively the organization will operate. The smaller 
the amount of wages that is allowed to flow through the economic or- 
ganization, the less balanced and effective it becomes. Wages paid can- 
not be considered in the absolute but must be considered in relation to 
those paid by other companies in the same field of business or in the 
same community, and in relation to the economic needs of the workers 
as well as the goods and services available to be purchased. 

Real wages. In discussing wages it is important to distinguish clearly 
between real wages and monetary wages, particularly when comparing 
wages of one period or one locality with those of another. From the 
standpoint of the worker, or his standard of living, the real wage is the 
vital factor. The real wage is measured by the goods and services that 
can be purchased with the monetary wage. The monetary wage is rep- 
resented by the actual monetary units that the individual receives. A 
worker who receives $54 per week and has to pay $60 per month house 
rent with other living costs proportionate is in a relatively worse posi- 
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tion than another worker who receives only $38 per week and pays $30 
a month for house rent with other living costs correspondingly low. 

Merely to increase wages without increasing the output usually means 
that prices rise, that money is worth less (inflation), that persons such as 
aged pensioners, widows, or others who have a fixed monetary income 
have a lower standard of living, and that the workers receiving the in- 
crease are relatively little, if any, better off than before wages were 
raised. Of course, raising wages for one group may in fact improve the 
standard of living of this group by giving it a larger share of the total 
goods to be distributed. It is unfortunate that the great mass of our 
population do^, not understand the relationship of the wage level to the 
standard of living. 

The satisfactory wage. Determination of the amount of wages paid 
under our industrial sy^stem has rested primarily with the employer dur- 
ing the past 50 years, especially before the general acceptance of col- 
lective bargaining. The wage, nevertheless, had to be satisfactory to 
the employee and was limited by its acceptability to the workers in- 
dividually and collectively, at times by the general attitude of the com- 
munity, and possibly by some governmental or state action.^ Thus, in- 
stead of a basic wage which is set entirely by the employer, there is 
found a basic wage which is ordinarily termed ^^right” or “satisfactory.^^ 
There can be no general definition of the meaning of a satisfactory wage, 
inasmuch as its limits differ so greatly under varying conditions. How- 
ever, it can be stated that a satisfactory wage must bear the scrutiny of 
, ^employees and, at times, of the community. The general attitude of the 
community is not likely to affect an individual plant unless the plant is 
the main or basic industry of the community, or unless, as in a localized 
industry, a large portion of the community other than those who actually 
work in the plant secure their livelihood as a result of the wages paid 
within the factory. 

In the final analysis a wage that is as high as the prevailing wage in 
the community for a given classification of work or one that will enable 
the employees to maintain the standard of living to which they are 
accustomed, whichever is higher, may reasonably be called a satisfactory 
wage. 

Not infrequently satisfactory wages are spoken of as though they were 
“fair^^ wages. In order to indicate the inaccuracy of such an idea and 
also to prevent confusion when a so-called fair wage is attacked by the 

1 The Fair Labor Standards Act was passed by Congress and signed by the Presi- 
dent, June 25, 1938. This Act attempts to establish minimum wages and maximum 
hours for industries engaging in interstate commerce. Several of the individual 
states have similar laws. 
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employees, it will be well to examine the fundamentals of what consti- 
tutes fair wages. 

What are fair wages? Any valid conception of fair wages must neces- 
sarily include the idea of payment to wage-earners on the basis of their 
contribution ^ to industry, as well as some concept concerning the right 
to a fair living for an individual engaged in the productive process, '^e 
productivity of an individual has never been satisfactorily measured un- 
der our present industrial system. Life is so complex, and the relations 
of one person to production are so inexact, that it becomes practically 
impossible to determine the extent to which he has added to the goods 
of the world. Before the introduction of the factory system it was more 
nearly possible to arrive at some concept of the productivity of an in- 
dividual, but the factory worker of today performs but a small part of 
the production of an article. The machine on which he works and the 
building in which he works not only have been designed and furnished 
by the employer and the management, but also have in the first instance 
been created by other workers. A weaver working on a loom contributes 
much to production of the finished product which comes off the machine. 
The question remains. How much of his production is made possible by 
the workers in another factory far removed who made the loom? The 
economic theory of marginal productivity is helpful in theoretical dis- 
cussions, but it is difficult to apply on a large scale to changing indus- 
trial conditions. Our idea of justice in the abstract must be tempered by 
practical considerations in its application to social conditions.^ 

Presumably, regaMless oj the_prqductivH^^ the individual, there is 
a point below which wages must not go if the individual and the persons 
dependent on him may survive. This point is seemingly the lower limit 
of a fair wage, but in particular cases even this lower limit must pre- 
sumably be passed if the worker is to be paid according to his produc- 
tivity and not according to his need. Even the most communistic minded 
would scarcely expect a private employer to pay a janitor with fourteen 
relatively young children a wage high enough to provide them with the 
standard of living that most people would like to see them have. There 

2 This concept is not universally held by students of ethics or economics. The 
communistic philosophy has frequently been expressed: ‘To each man according to 
his needs, and from each man according to his capacity.’^ More recently in Russia 
it seems for practical purposes to be, “To each man according to his performance, 
and from each man according to his capacity.” (See Z. Clark Dickinson, in Com- 
pensating Indiistrial Effort, Ronald Press Company, New York, 1937, pp. 65, 84, 134 n.) 

3 See Frank C. Sharp and Philip G. Fox, Business Ethics, D. Appleton-Century 
Company, New York, 1937, pp. 181-194, for an interesting discussion of the ethics 
of a fair wage. 
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may be some logic in a large governmental unites underwriting large 
families, but this is an entirely different matter from a private employer’s 
paying different wages to men doing the same kind of work, merely be- 
cause one has a larger family than the other. 

Measurements which aid in the consideration of the equity of a wage. 
Two measurements are available which aid in the determination of this 
approach to equity in wage payments. The first is that the wage must 
represent the results of an honest effort to divide the product of industry 
on a reasonable basis. The wage which is paid because the employment 
manager calls up a manufacturers’ association on the telephone to find 
out from the^siecretary what is being paid for a given class of job at a 
given time does not represent any such effort. It is desirable to know 
the prevailing wage in the community, but this alone is not enough, espe- 
cially if the employer-^is in a position to pay more and the standard of 
living of his employees is lower than is desirable. 

The second measurement is that the wage must command the support 
of all groups connected with the industry and of the community at large. 
If it does, presumably the wage is approaching an equitable wage. Be- 
cause of all the factors which have been described, however, it is better 
to think of the proper basic wage in industrial plants as being a satis- 
factory wage, rather than a just, fair, or equitable wage. 

bases of satisfactory wages. There are three main bases frequently 
referred to as primary in wage determination: supply and demandy cost 
of livinQy and individvxil productive capacity. It is probable that in most 
instances all three aid in the determination of the basic wage rate, but 
no single one alone sets this rate. Supply of and demand for a given 
type of labor unquestionably have a large influence on the wage paid in 
most plants in the moderately long run. The workers, through organized 
labor and its attendant policies of the closed shop, restriction of appren- 
tices, and elimination of overtime work, have sought to limit the supply 
of workers. As either the employer or the employee gains the upper 
hand in connection with demand and supply for workers, wage rates are 
seen to fluctuate. This does not imply that rates are reduced immedi- 
ately when the labor supply exceeds the demand and the unemployed 
worker would be glad to secure employment at a lower wage. The ^^going 
rate” in a community tends to be perpetuated for some time after a 
reduction in the demand for labor. 

In the long run wage rates tend to be set largely on the basis for which 
the worker can be secured, that is, what he can get elsewhere in the same 
community. Large organizations having plants in different cities pay 
different wages in each plant for the same work, depending upon the wage 
levels in these communities. 
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The General Motors Corporation's union contract of April 16, 1945, 
recognizes this situation as follows: 

The establishment of wage scales for each operation is necessarily a matter 
for local negotiation and agreement between the Plant Managements and the 
Shop Committees, on the basis of the local circumstances affecting each opera- 
tion, giving consideration to the relevant factors of productivity, continuity of 
employment, the general level of wages in the community, and the wages paid 
by competitors. 

Although supply and demand for labor have a direct, moderately short- 
run effect upon wages, good management makes no attempt to follow 
closely the ups and downs in the labor supply with wage changes. 

^aracteristics of a satisfactory wage plan. Enlightened leaders of 
workers as well as scientific representatives of management recognize 
that wages should possess certain rather fundamental characteristics if 
the long-run interests of both, as well as that of the consumer, are best 
to be served. In summary form these characteristics are as follows: 

1. It is desirable that the worker be given a guaranteed minimum wage to pro- 
tect him against conditions over which he has no control. (This does not moan a 
guaranteed annual wage, although this is desirable where economically feasible, but 
a guaranteed minimum wage for the days when he works.) 

2. Base wages for each job classification or skill should be related to each other in 
terms of job requirements, due consideration being given to such factors as skill, 
length of time required in learning, versatility required, working conditions. Wage 
levels in different communities may vary, but the different skilled jobs tend to bear 
the same general relationships to the common labor rate in each community. Figure 
22.1 shows the trend of common labor rates. 

3. Within a given classification or skill, wages for different workers should be pri- 
marily in terms of ^‘output.” Motion- and time-study techniques should be used in 
establishing standards that may reasonably be expected. 

4. The wage plan should be easily related to cost controls and the operating labor 
budget. 

5. The wage plan should facilitate the comparison of relative efficiencies of various 
ilepartments or operating units. 

6. The wage plan should make adequate provision for learners. (Experienced 
workers should not absorb the cost of teaching beginners.) 

7. The wage plan should be simple and easily understood by the workers. 

8. The wage plan should not involve excessive clerical costs, 

9. The wage plan should be flexible in order to meet changing conditions. 

Wages in relation to the cost of living. One of the common reasons 
given by workers in demanding a general increase in w^ages is the cost of 
living. During periods of rapidly rising prices and an acute labor short- 
age, such as that in the early stages of World War II, union contracts 
often contain an escalator clause which provides that, if the cost of liv- 
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ing, as manifested by the Bureau of Labor Statistics Cost of Living Index, 
rises some amount, such as 5 points, wages will automatically be increased 
by some fixed amount, such as 5 cents per hour or sometimes 5 per cent. 
It should be noted that organized labor almost invariably insists upon 
this provision being one-sided — wages may rise, but not fall. Many of 
the plans using an escalator clause provide that changes may be made 
only at stated intervals. This is particularly desirable when the plan 
provides for a fluctuation for each change of 1 or 2 points of the Bureau 
of Labor Statistics Index.^ 

Although cost-of-living figures are adequate as a check on base rates, 
one of the most unsatisfactory features of them is that they are ordinarily 
based on the ^^average family.^’ This usually consists of a man and wife 
and two or three children. The position of the single man or the man 
with seven children is thus thrown into question, if these cost-of-living 
figures are extensively utilized, A number of plants utilize figures of the 
Bureau of Labor Statistics, Department of Labor, of the United States 
government. 

Although it is desirable to increase wages to meet the rise in the cost 
of living, and in general either wages should rise with increased produc- 
tivity of labor or the cost of the product should be lowered to the con- 
sumer, it is also true that there is strong argument for lowering wages 
when the cost of living drops. This does not mean a frozen standard of 
living, but rather an intelligent recognition of the relationship among 
wages, costs, and the price of goods which is primarily controlling in the 
cost of living. 

The Philadelphia Rapid Transit Company for years successfully oper- 
ated a wage plan that was directly related to the community cost of 
living. Their index was known as the Market Basket Index. The un- 
settled conditions arising from the outbreak of war in Europe and pre- 
vious interpretations of the legality of collective bargaining under the 
then-existing Cooperative Plan (1938) led the company to discontinue 
the Market Basket Index as of December 31, 1939. The system used was 
quite simple. The arithmetical average of the prices charged for com- 
modities in the local stores was weighted by given quantities. The re- 
sultant costs were compared with the costs of the same or similar com- 
modities in the base year 1925, and an index number for each group was 
thus obtained. The percentage change was, in turn, weighted by the 
group weight, and the sum of these changes determined the Market 
Basket Index. 

^ See the Conference Board Management Record, November, 1941, for a survey of 
the use of the cost-of-lrving adjustment plans. 
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Any intention of using the cost of living as a basis of industrial wages 
must include a willingness to increase wages as the scale of living in- 
creases, if the wage scale is to be successful. There is no outstanding 
difficulty in recognizing the fact that the wage level must rise in con- 
formity with a general rise in the standard of living. As a matter of 
fact, living standards rise very gradually and not by sudden spurts. The 
entire program requires mutual confidence on the part of both men and 
management. 

Productivity as a basis for wages. As a matter of basic principle it 
would be desirable to pay workers in proportion to their relative con- 
tributions to product. In actual practice this cannot be carried out 
in minute detail. Individual productive capacity cannot serve wholly 
as the basis for setting wage levels. Productivity can be viewed as a 
partial aid in determining relative wage rates, and all of the work in 
job study and in the development of particular wage-payment systems 
which has been carried on in industry has had this end in view. If an 
engineer is employed, it is to be presumed that he will be paid at a higher 
rate than a laborer in the shop. This difference is due not entirely to 
supply and demand, but partly to the concept of individual productive 
capacity. This factor, therefore, influences very largely all wage rates 
which are set, but any thought that it governs them entirely must rest 
on the basis that the exact contribution of wage-earners can be measured. 
It has been demonstrated that this is difficult, if not impossible. The 
influence of individual productive capacity not only is felt on original 
rates granted members of a working force, but also has an even greater 
influence on changes which are made in these rates after employment. 

Payment of wages above the community level. Large numbers of em- 
ployers in many areas insist that their wage policy is to pay a somewhat 
higher wage than that prevailing in the community. From the very 
nature of the situation it is ivipossible for the average employer to pay 
more than the average. A more accurate statement of the wage philoso- 
'phy held by large segments of modern managers would be that they 
desire to pay a wage as high as the prevailing community wage or in 
some cases higher than this rate. All industries are not in so favorable 
a position to pay high wages as the automotive industry has been. The 
lesson learned from this industl’y has been applied throughout the United 
States, and everywhere today there is less tendency to economize by re- 
ducing wage levels than there was 20 years ago. 

That high wages do not necessarily mean high labor costs, but, prop- 
erly utilized, may mean low labor costs, is well understood by modern 
industrial managers. ^^High wages and low unit costs” was the central 
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theme of Taylor Differential Piece Rate Plan, The policy of most or- 
ganizations with modern management involves the payment of higher 
wages than would be paid under the older types of management. This 
higher wage may be returned through the lowering of overhead costs 
because of increased production and other benefits that are secured 
through complete cooperation between the management and the workers. 
If this is the goal, together with a recognition of the importance of wages 
as a factor in industrial management, the question of exactly how wage 
levels should be set decreases in importance. 

The sliding scale. Under this scheme a basic rate is fixed to correspond 
with a determined selling price of some finished product of the industry, 
and then, with fluctuations of the selling prices, rates drop or advance 
a predetermined amount. This method of w'age payment finds little use 
in the United States, although it is considerably more popular in Europe, 
particularly in England. It generally works to best advantage in nego- 
tiations between bodies of employers and unions, since it involves the 
acceptance of the plan on the part of employees; this is difficult to ob- 
tain except where they are organized. In certain regions of the British 
mining country the coal miners have had wide experience with sliding 
scales of wages based upon the selling price of coal. In 1921 the sliding 
scale of wages was tied not only to the selling price of coal but also to 
the average profit margin in the district.® Some careful students of the 
subject are of the opinion that such a program results in somewhat 
steadier employment.® 

The method of determining the way in which the scale of pay will 
fluctuate with the scale of selling prices is a matter for bargaining, but 
ordinarily the increase or decrease of the wage should bear approximately 
the same relationship to the increase or decrease of the selling price that 
wages bear to cost of production in the particular industry or plant. 

A formal sliding scale, adopted in advance, will not succeed unless the 
commodity being manufactured has a wide, competitive market, with 
open quotations on current selling prices. Thus the sliding scale may 
easily be introduced into the manufacture of pig-iron because quotations 
on finished pig-iron are easily ascertainable.'^ It may be introduced into 

® See Z. Clark Dickinson, Compensating Industrial Effort, Ronald Press, New York, 
1937, pp. 345, 350. 

® James A. Bowie, Economic Journal, Vol. 37, September, 1927, pp. 384-393. 

7 The Anaconda Copper Mining Company's union contract of September 18, 1939, 
made the following provisions : 

The minimum wage for an eight-hour day payable to journeymen shall be five 

and '^^00 dollars ($5.75), provided that where the differentials in amount of rates 
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cotton-spinning, because its fluctuations may readily be based on the 
selling price of a particular grade of cotton yarn. The sliding scale is not, 
however, applicable to a specialty business. 

of pay for journeymen because of classifications were, on July 1, 1939, higher than 
said minimum, the said differentials shall not be changed in amount. 

The minimum payable to helpers shall be the minimum payable to journeymen 
less seventy-five cents (75^) per day. 

The said minimums are based upon a price for electrolytic copper of less than 
nine cents (9^) per pound. 

When the price of electrolytic copper is or exceeds nine cents (9^) per pound 
and continues for a period of thirty successive days at or exceeding an average of 
nine cents (9(f>^er pound, the said minimums shall be increased twenty-five cents 
(25^) per day; when the price of electrolytic copper is or exceeds nine and three- 
fourths cents (9%<^) per pound and continues for a period of thirty succesvsive days 
at or exceeding an average of nine and three-fourths cents (9%^) per pound, there 
shall be a further increase in the wage of fifty cents (50^) per day ; when the price 
of electrolytic copper is or exceeds eleven and one-half cents (11^4^) per pound 
and continues for a period of thirty successive days at or exceeding an average of 
eleven and one-half cents (lU/4^) per pound, there shall be a furtber increase in 
said wage of twenty-five cents (25^) per day; and when the price of electrolytic 
copper is or exceeds thirteen cents (13^) per pmind and continues for a period of 
thirty successive days at or exceeding an average of thirteen cents (13^) per pound, 
there shall be a further increase in said wage of twenty-five cents (25^) per day, 
and similar increases of twenty-five cents (25^) per day shall be made for each one 
and one-half cents (VM) of rise in the average price of electrolytic copper for any 
period of thirty successive days above thirteen cents (13^) per pound, subject to the 
conditions hereinafter provided. 

There shall be no increase in the said wage until and unless the price for electro- 
lytic copper reaches a base price at which an increase in the then current wage is 
to be made under the foregoing schedule and until and unless the average price of 
electrolytic copper for a period of thirty successive days thereafter equals or ex- 
ceeds such base price, and in such event such change shall remain in effect for a 
continuous period of not less than thirty successive days. In case the price of elec- 
trolytic copper declines below the base price upon which the then current wages 
are based and the average price of electrolytic copper for any period of thirty suc- 
cessive days thereafter is less than such base price, the wage to be paid after said 
thirty-day period shall be the minimum wage above set forth plus such addition, 
if any, to such minimum wage, as the schedule above set forth provides shall be 
made with respect to such average price. Further successive increases or decreases 
in wage shall be made subject to the foregoing conditions, dependent upon the 
average price of copper from time to time ; provided, however, that when a change 
in wage is made, no further change therein shall be made for a period of at least 
thirty successive days. 

The price for electrolytic copper on any day shall be that quoted for such day 
in the Engineering and Mining Journal for deliveries F.O.B. Connecticut Valley 
points, and the average price per pound of electrolytic copper for a period of thirty 
successive days shall be the average of the prices for said thirty days set forth in 
said Journal for said deliveries. 
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Some employers have what is variously called a wage-bonus, wage- 
dividend, and profit-sharing plan, which is related to one aspect of the 
sliding scale, namely, increases. General Electric, Eastman Kodak, Lin- 
coln Electric, and other companies have used such plans. If the volume of 
business and profits justify, the employees are given some form of an 
increase in earnings, the amount being usually related to their base 
earnings. 



CHAPTER 23 


WAGE-PAYMENT PLANS NOT BASED ON CAREFULLY 
ESTABLISHED STANDARDS 

The approach. Wage-payment systems are discussed in this chapter 
from the stan^oint of management, that is, with the aim of securing the 
maximum production from the worker compatible with his health and 
fullest cooperation. In treating this subject, there is no necessary con- 
flict between this viewpoint and the standpoint of the worker or the wel- 
fare of the community. Actually in the long run these interests are 
mutual. If we approached the wage discussion from another angle than 
management, our emphasis would be somewhat different, but the results 
would inevitably be the same. 

In considering wage-payment systems it is well to keep in mind the 
requirements of the cost-accounting department of the business as well 
as of the production and general-management forces. Systems which 
involve the collection of a multiplicity of data may conceivably succeed 
in increasing output and thus decreasing the unit labor cost, but may 
fail because of the excessive cost and difficulty of collecting data for pay- 
roll and cost purposes. 

The day rate. Payment by the so-called day rate is primarily payment 
on a time basis which includes the hourly, daily, and weekly systems. 
Of course it is recognized that all incentive systems, including straight 
piece work, are related in their initial conception to time, since they pre- 
sume a given quantity of work for the expected average earnings within 
a specified work period. 

The day rate is perhaps the oldest method of wage payment under 
our present industrial system, and a large proportion of the industrial 
workers of the United States are today being paid under some form of 
the day-rate system. Unless the worker is so inefficient as to merit dis- 
charge or so expert as to be raised into a higher wage classification, it is 
unlikely that his individual rate will be changed. Thus the amount or 
quality of work which he does has little bearing on the wage which he 
v^receives, except over long periods of time. Under the straight day rate 
there is little to urge a worker toward greater production except loyalty 
to his task or some spurring action on the part of his employer or his 
direct superior. 
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Many workers have favored the day rate, because under it they can 
definitely determine in advance what their wages will be. That all 
workers of a given class generally receive the same pay constitutes no 
objection for some workers. In fact, they tend to approve this situation, 
because it encourages a unity of action, through union organization, of 
all members of the wage group, if it seems possible to secure an increase 
in the rate. For these reasons day rates, once raised, are frequently as 
difficult to lower as any other kind.^ 

In the main, labor unions have tended to favor the day-rate system. 
Unions exist for the benefit of their membership as a whole, and therefore 
anything which will tend to increase the unity of purpose of their mem- 
bers is likely to enlist their support. The day rate is a perpetual influ- 
ence toward solidarity in the union. Substandard workers look to it as a 
means of raising their wages far beyond anything they could expect 
under a system based on merit or output. The average worker is likely 
to be satisfied with the prevailing wage. The best workers are likely to 
be striving constantly to increase their incomes and in doing so will tend 
to increase, along with their own incomes, those of the other members 
of the labor group. The best workers, who, under other systems of pay- 
ment, are least likely to be interested in unions, under the day rate are 
likely to be the prime movers toward organization. It is their only hope 
for increased wages. Thus they frequently begin to combat the manage- 
ment, whereas under other circumstances they may be made manage- 
ment's greatest supporters. 

It must not be inferred that all unions oppose piece rates or other 
wage programs based on output per worker. During World War II, when 
wages were largely frozen, some unions turned to some form of incentive 
system based on output as their only method of securing an increase in 
income. For more than thirty-five years the men^s garment workers in 
Chicago have been operating on some form of incentive wage payment 
which pays for productivity per worker. This is one of the most highly 
organized and disciplined groups in the union movement. 

Quality of product may be enhanced through the day rate. The work- 
man, not being rushed, should be able to utilize his talent fully in those 
tasks where such expression is possible. Plants or departments in which 
quality is a paramount consideration are thus most likely to be on day 
rates. Nevertheless, effective foremanship and newer methods of wage 
payment make possible high-quality production without the day rate. 

1 The student should keep in mind that day rate, as used here, refers to a system 
in which accurate standards have not been set. It is possible to have a system of 
time payments based on job study with carefully set standards of performance. The 
objection cited above does not hold under such measured performance. 
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Payroll-department operation is made simple by the day rate. The 
payroll may be prepared directly from the attendance time cards. On 
the other hand, cost-department operation is made more difficult. Pro- 
duction will vary greatly from man to man and from day to day under 
this system, and wages become a variable element of cost which cannot 
be predetermined. Thus it becomes difficult to plan production-cost 
budgets and to set selling prices in relation to costs. 

Regardless of the type of wage-payment system that may be in use, 
it is usually necessary to compensate a certain percentage of the work- 
men by the day rate. This group of workmen includes not only super- 
visors, but ali» men whose work is so diversified, incapable of stand- 
ardization, or temporary as to make it impossible or impracticable to 
work out a satisfactory wage under any other system of payment. Be- 
cause of its ease of operation the day rate will probably continue to be 
much used as a system of wage payment. 

The hour, rather than the day, may be used as the time unit. In this 
case the worker’s earnings are computed as follows: 


E =-RN 


in which R signifies the rate per hour and N the number of hours worked. 
This usage of the term “day rate” is inaccurate but has become quite 
generally accepted. 

Use of incentive plans. Certain types of manufacturing industries 
have had a wide experience with various incentive systems. The trend 
has been definitely away from the complicated systems that involve a 
great deal of clerical work and are difficult for the worker to understand. 
The various needle trades, rubber industry, machine shops, and various 
standardized types of industry use straight piece work, the standard hour, 
and some type of bonus plan most extensively. In metal-working and 
the needle trades piece rates are still the most popular, followed by the 
standard hour and some form of bonus plan. 

The statement that there is a trend toward simpler forms of wage pay- 
ment should not be interpreted to mean that the Bedaux and similar 
systems are no longer in use. Quite the contrary is true. The Bedaux is 
one of the popular systems, partly because of its inherent merit when 
considered along with the efficient management techniques that accom- 
pany the wage plan and partly because of the aggressive promotion of an 
able management-consulting firm. 

Incentive plans are used in practically all types of industries — mass- 
production and semi -mass-production enterprises and job shops. Al- 
though the various incentive plans are utilized more frequently on direct 
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labor jobs, they are also used for maintenance men, truckers, packers, 
stockmen, and crane men. 

Table 23.1 illustrates the distribution of the use of various wage sys- 
tems for hourly rated workers, as found in a survey made by the National 
Industrial Conference Board, Inc. Table 23.2 shows the distribution 
among the various plans of workers receiving incentives. 

TABLE 23.1 

Distribution of Hourly Rated Workers in 313 Companies Using 
Wage Incentives * 



Number of 



Hourly Percentage 


Rated 

of 

Method of Payment 

Workers 

Coverage 


Nonincentive 

1. Straight time rates 

143,993 

38.2 

Incentive 

2. Individual piece rates 

112,977 

61.6 

3. Group piece rates and tonnage rates 

27,005 


4. Individual premium and bonus rates 

41,031 


5. Group premium and bonus rates 

30,613 


6. Measured daywork (individual and group) 

20,312 

Mixed 

7. Other (mixed) 

902 

0.2 

Total 

376,833 

100 

* Source: National Industrial Conference Board, 
No. 19, p. 10. 

Inc., Studies in 

Person7iel Policy, 

TABLE 23.2 

Distribution of Workkrs in 313 Companies under Three Main Methods of 

Wage-Incentive Payment * 



Number 

Percentage 

General Type of 

of 

of Total 

Class Incentive Payment Workers 

Workers 

Piece work Individual rates 

112,977 

48.7 

Group rates 

27,005 

11.6 

Premium and bonus Individual rates 

41,031 

17.7 

Group rates 

30,613 

13.2 

Measured daywork Individual and group rates 20,312 

8.8 

Total 

231,938 

100.0 

* Source: National Industrial Conference Board, 

Inc., Studies in 

Personnel Policy 


No, 19, p. 10. 
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Piece rates not based on carefully established standards. Under 
straight piece rate without job study the task may be either the comple- 
tion of one unit or of a given amount of work, and the rate is ordinarily 
termed a piece rate. Piece rates have usually been set with strict regard 
to previous day-rate earnings and previous performance. They have 
usually been determined by dividing the day rate by the average units 
of production in order to secure the proper rate per unit. Frequently 
the rate has been made somewhat less than this amount, on the assump- 
tion that production will increase under piece rates and thus the unit 
labor cost will be lowered. In the early days many employers were 
willing, at th^^tart, to profit only through the reduction in their fixed 
overhead expenses. 

First-class workers on repetitive jobs have usually been anxious to 
be placed upon piece work, inasmuch as it gives them an opportunity 
to profit from their accumulated skill and knowledge of the job. The 
prospect of direct monetary gain is likely to result in the worker’s study- 
ing the method of performing his job. Within limits he becomes recep- 
tive to improvements in methods promulgated by the management. He 
is not receptive to such improvements, however, when he is fearful that 
they will be so made as to result in cutting the rate. 

It is difficult for many workers to realize that basically, under any 
logical payment system, they should be paid for the work that they do, 
and that, when management makes improvements, they may often pro- 
duce as much as 1.3 times the former number of pieces with no increase 
in actual work on their part. One objection to any form of piece rate 
is the fact that workers tend to think of such rates as being fixed in 
relation to the pieces themselves and that they should never be changed 
(except upwards). Such an attitude, if permitted to be controlling, will 
naturally stand in the way of progress. Management, of course, is at 
times to blame for this attitude, either because of undue emphasis on the 
piece rate, rather than the amount of work involved in producing the 
piece, or because of making changes of no significance merely to alter 
rates. 

Substandard workers and those on diversified jobs on which the setting 
of piece rates based on past performance is difficult are not likely to 
favor piece rates. This is a perfectly natural attitude, since the sub- 
standard worker will have to exert himself more to earn his normal day 
rate; also diversified work does not lend itself so readily as repetitive 
work to piece rates. 

Cutting rates. When piece rates are set on the basis of past non- 
standardized performance, it is common for the workers to be able to 
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increase their output by 50 per cent. Although the employer is receiving 
benefits in reduced overhead charges, he is not likely to allow workers 
to continue for any great length of time to “kill” a job, that is, to get 
wages which are far in excess of those usual for such work. The pressure 
of competition, the desire for increased profits, or both are likely to cause 
the employer to demand that management cut the rates. The action of 
rate cutting is equivalent to informing the employees that there is a 
maximum of earnings beyond which workers of any general class will not 
be permitted to go. Such action, once taken in an organization, or fear 
of such action based on practices in other organizations, causes workers 
to hold their production under piece rates at the easily attainable figure 
which it is thought the employer has set as his maximum. If rates have 
once been cut, this figure will at times be so uniform throughout a shop 
as to amount almost to an exact limit. 

Changes in method have at times been bitterly fought by workers for 
fear that under the new method and new rate they would be unable to 
make as high piece-rate earnings as under the old method. Really radical 
modifications in production method, which so change the job as to make 
the past rate absurd, have been frequently regarded by workers merely 
as an excuse for cutting rates. This confusion between logical piece-rate 
readjustments and rate cutting results in numerous borderline cases which 
it is difficult to settle amicably because there are no real data, convincing 
to both sides, which may be used as a basis. 

Inasmuch as no day rate is guaranteed under straight piece-rate plans,* 
it is necessary that a special “learner^s rate” be established, which is 
usually on the day-rate basis. The length of time that the learner remains 
on day work varies with the type of operation and with the factory, as 
well as with the training system that the plant has installed. The learn- 
er^s rate usually starts at a low point and gradually increases up to the 
point at which the worker is put on piece rate. Another method of pro- 
viding for the learner is to pay a flat day rate, such as fifty cents per 
hour for a short period, and then reduce the day rate during successive 
periods, allowing the learner the lowered day rate plus his earnings on 
pieces completed at the regular piece rate. Such a program provides a 
strong incentive for the beginner to make a special effort to increase his 
speed of learning. In the absence of some such sliding day-rate scale, 
it is not at all infrequent for a beginner to work the full learning period 
on the day rate and then refuse to go on piece work, giving as his reason 
that he cannot make out on piece work. 

2 Of course, there can be a piece-rate plan with a guaranteed minimum day rate 
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Difficulty in the setting of piece rates is encountered when the whole 
level of rates paid workers rises and falls. Piece rates have the disadvan- 
tage of being somewhat inflexible. If rates have been raised during 
periods of high wages, they are usually decreased during periods of depres- 
sion and falling wages. Such lowering of wages is, of course, a cutting 
of the piece rate. This situation results in very perplexing problems 
which have been solved by some plants not by increasing piece rates, 
but rather by giving a “cost of living^^ bonus, or, if the rates are increased, 
by placing the wages from the increased piece rate in a separate pay 
envelope. 

In times of ^pression, when orders are scarce, the piece rate has an 
advantage over day rates or any of the other systems which gfiarantee^ 
minimum earnings to the worker. Under such conditions many plants 
are operating from hand to mouth on orders, and this situation is as well 
known to the workers as to the management. The piece rate does not 
invite the employee to stretch available work so as to insure himself a 
job under such conditions. In prosperous times, with orders plentiful, 
this advantage of the piece rate ceases to exist. 

From the cost-accounting and cost-estimating standpoints, ])iece rates 
are far better than day rates, but are not ideal, as contrasted with some 
other systems. The direct labor cost per unit of product or per job 
becomes a fixed amount, which may be accurately determined in advance. 
But, since the time of doing the work varies considerably, the amount 
of overhead expense which will have to be distributed to an operation or 
an order is an unknown quantity before actual performance. This same 
criticism holds with equal force for most of the other incentive plans. 

The computation of earnings on the piece-rate system is very simple. 
Expressed in terms of a formula, earnings = the number of pieces times 
the rate per piece, ox E — NR, If the rate per piece is 15 cents and the 
worker completes 48 pieces in a given day, his earnings will be: 48 X $0.15 
= $7.20. 

Incentive wage systems. Schemes can be devised which will prove 
entirely satisfactory to the worker but which will in time be eliminated 
by those controlling the enterprise because they are not ^flexible enough 
to permit the meeting of increasing sales competition. Thus any wage 
scheme which gives the worker a percentage of the savings incident to 
increased production and yet prohibits innovations in manufacturing 
method or merely inclines the worker to peg his production at a some- 
what higher point than formerly, because of fear of ultimate wage cut- 
ting, will not be beneficial for long. Rival plants, whose rates are set on 
the basis of newer manufacturing methods, or whose workers have not 
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pegged production even at the relatively high level, will always be able 
to underbid because of lower manufacturing costs. This is the basic 
reason behind changes of rates when the process or operation is changed. 
It is essential that any wage-payment system which is devised so arrange 
the remuneration that the permanent cooperation of both the workers 
and the management will be assured. 

In general, it may be definitely stated that unorganized employees and 
some organized employees like to work under one of the incentive wage 
systems when they are fully convinced of the fairness of the management 
and the fullness of information possessed by the rate setters, as well as 
of their competence. These systems plainly indicate to the workers that 
they ar^ expected to perform up to their capacity, with due regard for 
health, safety, and avoidance of fatigue. Incentive wage systems awaken 
interest and inject the spirit of competition into industry. 

An incentive wage, in order to be effective, must generously reward the 
worker for the additional application, following of instructions, increase 
in output, and quality of workmanship which is required to earn the 
additional wage. In Taylor^s experiments he found that increased effort 
on the part of certain classes of workers could be stimulated only by 
paying incentives above the base rate as follows: ® 

Percentage 


Machine-shop workers doing general work 30 

Laborers performing work calling for severe bodily exertion 50-60 

Machinists doing delicate and difficult work 70-80 

Machinist s performing work requiring close application, strength, 

skill, and brains 100 


It should be emphasized that cupidity on the part of management is 
equivalent^o signing the death warrant of any of these incentive schemes 
of wage payment. If the reward is large enough, the worker will be 
enabled to take new pride in his job. The pride of accomplishment in 
relation to his fellow-worker develops. This is a perfectly logical and 
justifiable pride, and there is no evidence to show that it results in the 
setting of a killing pace. 

Symbols use4 in wage formulas. The formula for computing earnings 
for piece rate V^^fi^iven as follows: E = NR, in which E represents the 
earnings per day or period, R signifies rate per piece, and N stands for 
the number of pieces produced. R is used in other wage plans to indicate 
the rate per day or whatever other unit is used as a basis for payment. 
Other symbols that will be used are as follows:, 

8 See Frederick W. Taylor, Shop Management, Harper and Brothers, New York, 
1919, p. 26. 
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S = standard or allowed time for completing a particular task. To 
illustrate, if the standard for a given pie^^e of work is 10 minutes 
and a worker completes 6 pieces, his aS, standard or allowed 
time, would be 1 hour, even though the actual time worked 
may have been 50 minutes or even 70 minutes. 

T = actual time spent in performing a given task. 
p = premium percentage. 

The Halsey premium plan. The Halsey premium plan was devised by 
F. A. Halsey at the time that he was superintendent of the Rand Drill 
Company of Sherbrooke, Canada. The Halsey plan sets a standard 
time, usually ascertaining the average previous time of doing the job, 
and offers the workman an agreed percentage of the wages of any portion 
of this time that he may save, in addition to his hourly or daily rate for 
the time consumed on job. 

Although, as originally conceived and generally used, the standard 
time under this plan is the standard of past performance in the shop, 
there is no reason why a standard time determined from time study can- 
not be used under the Halsey plan. However, since the Halsey plan gives 
the worker only a portion of his savingy if time study is used as the basisy 
it is essential to set the standard time somewhat higher than the time 
which can be made, in order to provide sufficient incentive for the worker. 
The task time set by job study thereby becomes a base for the manage- 
ment to work from rather than a task to be reached. However, under 
the Halsey plan the standard time is usually the average of previously 
recorded times. It is usual to guarantee that, when the time is once set 
for a job, it will not be reduced, despite the fact that conditions may not 
have been standardized or the jobs studied. The system is liberal with 
the time allowance rather than with the premium percentage. 

Day rates are guaranteed under this plan, and to men who finish their 
tasks in less than the allotted time there is paid, in addition to the base 
day rate, a proportion ranging from one quarter to one half of the wages 
of the time saved. Thus the wage under the . Halsey system is equal to 
the time taken times the hourly rate, plus the time saved times some 
fraction of the hourly rate: 

E = TR iS - T)^ 

This formula is for an allowance of 50 per cent of the hourly rate. 
The fraction of the hourly rate that is most generally used is about 
33% per cent, if conditions have not been standardized or the job studied. 
If the job has been studied, the fraction of the hourly rate that is used 
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will ordinarily range around 50 per cent. The percentage of the time 
saved — from 30 to 50 per cent — probably represents a rather large part 
of the total wage, and to make the percentage larger would be likely to 
create a distinct temptation to the employer to reduce the standard time 
when shown that it was considerably longer than actually necessary. 

Another method of expressing the formula for computing earnings is as 
follows: 

E ^ TR + p(S- T)R 

To illustrate the working of this plan, consider a workman who is on 
an hourly rate of 70 cents per hour and has an 8-hour task given him, 
which he completes in 6 hours, working with a bonus of 50 per cent of 
the time saved. He will receive: 

8-6 

6 X $0.70 H — X $0.70 = $4.20 + $0.70 = $4.90 

JL 

It will be noted that he receives $4.90 for 6 hours^ work, which is at the 
rate of 81% cents per hour, or at the rate of $6.53% per day, provided 
that his time on the next job, which he may start immediately, is as good 
as the time on the first one. 

The Halsey plan is easy to introduce. It is not absolutely necessary 
that there be preliminary studies other than those which will determine 
previous times on the jobs, and the plan is therefore excellent in any shop 
as a sort of transition plan to be used while studies of the jobs in the 
shops are being made and to arouse the interest of the workmen in 
incentive wage systems. This plan, in a slightly modified form, received 
its greatest amount of advertising from its use in the shops of the Yale 
and Towne Manufacturing Company, where it served as a transition plan. 

One of the chief merits that is urged for the Halsey plan is that it 
promotes the permanence of the rate because of the method of dividing 
the profit on time saved between the employer and employee. If an 
extremely large amount of time is allowed for one job, and as a result 
the workman makes a very great saving of tifne, only a portion of the 
saving is given to the workman ; this prevents the employer from immedi- 
ately desiring to reduce the rate. 

Since premium earnings often constitute a very large percentage of 
the total wages, the plan is criticized from the management point of view 
in that standard times prove in practice to be so very high that a tempta- 
tion to reduce them in one way or another is sure to present itself eventu- 
ally. Furthermore, standard times are sure to be uneven in that some 
will be very high and some will be comparatively low, resulting in an 
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unjust payment plan with ^^fat” jobs and “lean^^ jobs. In such cases 
there will tend to come about a picking and choosing of jobs among the 
workmen, or criticism of the allotment of jobs among them, just as in 
any plan where the rates are variable in the earning capacities they set. 
Furthermore, the workmen can beat the game by spurting on certain 
jobs to earn a premium and ^^soldiering” on other jobs to rest under the 
giuirantee of day wages. This entire difficulty can be overcome by using 
time study instead of past experience as a basis for rate setting. How- 
ever, it should be borne in mind that originally the Halsey Premium Plan 
was not based on time study; neither has this method been used exten- 
sively in prac4i»e. 

The Rowan premium plan. Mr. James Rowan of David Rowan and 
Sons of Glasgow, Scotland, originated the plan which bears his name. 
It has been more popular in Great Britain than in this country, although 
several large American concerns, notably the Packard Motor Car Com- 
pany, have at times used it in parts of their factories. Although a pre- 
mium plan, like the Halsey, it differs in the method of computing the 
premium and in the base used. Wages, instead of being raised by an 
arbitrary percentage applicable to all similar jobs, arc increased by a 
percentage equal to the percentage of reduction which the worker has 
made on the standard time of the particular job. This premium is a 
percentage of time worked, rather than of time saved. The day rate is 
guaranteed. 

E TR + RT 

If a worker finishes 36 pieces in an 8-hour day while working on a job 
for which the standard is 32 pieces per 8-hour day, his earnings at a base 
rate of 70 cents per hour will be as follows: 

8 X $0.70 + X 8 X $0.70 = $5.60 + ^ X $5.60 = $6.22 

y y 

It is apparent that the premium under the Rowan plan can never quite 
equal the day rate, for the value of the fraction (S — T) /S constantly 
approaches unity as the actual time T approaches zero. Under the Halsey 
plan daily earnings can be greater than twice the day rate, but this is 
impossible under the Rowan plan. Ordinarily the premium is larger 
under the Rowan plan than under the Halsey plan. If the Halsey pre- 
mium is SSYs per cent, the Rowan premium will always be larger up to 
66% per cent of the time saved. If the Halsey premium is 50 per cent, 
the Rowan premium will be larger up to 50 per cent of the time saved. 
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Although it is somewhat easier to justify the percentages used under 
the Rowan plan than those under the Halsey plan, nevertheless adapta- 
tions of the Rowan plan are far less widely used, chiefly because the 
method of figuring wages is so difficult that the worker finds it hard to 
understand and even harder to know what he has earned at any given 
time. It involves the use of a large clerical force for payroll purposes. 
Cost predetermination under either the Halsey or the Rowan plan is very 
difficult. The Rowan plan, like the Halsey plan, is very satisfactory dur- 
ing a period of transition from day work to a strong, measured incentive 
plan. 



CHAPTER 24 


WAGE PLANS BASED ON CAREFULLY ESTABLISHED 

STANDARDS 

General considerations. Budgeting, standard costs, and other mana- 
gerial control^^re facilitated if the approximate time required to perform 
tasks is predetermined. Wage systems based on accurately predetermined 
tasks stimulate the worker to perform his task in the standard time which 
serves as the basis for 'production controls. 

Wage systems based on job study prohibit management from drifting, 
because the establishment of standard conditions is a preliminary step 
to the development of all such systems. When the task has been accu- 
rately set on the basis of fair time for the job, the worker should receive 
all the advantage which is gained by his reduction of working time below 
task time. Therefore, these systems push the management quite as much 
as the management pushes the worker. In considering the foregoing 
statement, it should be remembered that job study may be used as a basis 
for setting a given task and yet the task may deliberate!}’' be set below 
what is known to be easily attainable by the average man. This is done 
when it is desired to build a wage program in such a manner that the 
bonus becomes a relatively large part of the daily earnings of the average 
man. Such programs frequently share with management the time saved. 

The higher rates which the workmen earn under all these systems 
should take into account the fact that the management, as well as the 
worker, has had a hand in the increased production which is being secured. 
The employer has given more thought and money into the installation 
of the new conditions under the operation of these wage systems than in 
the operation of the premium systems previously discussed. The em- 
ployee, on the other hand, must give somewhat more concentration and 
relinquish some of the freedom of action which he enjoyed when he per- 
formed the operation in his own way. 

Piece rates based on carefully established standards. Piece rates based 
on motion and time study form the simplest incentive wage system. Such 
rates readily can be guaranteed by the management, if provision is made 
for a change in rate when the operation is changed. Piece rates thus 
set become an incentive wage because the worker should realize that there 
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is no cause for him to peg his production at any point. In order that such 
rates actually may be an incentive wage it is essential that, after the 
worker turns out the increased production made possible by the job 
studies, his pay be appreciably higher than his previous wage or the 
prevailing community day rate. The piece-rate earnings are easy to 
compute by the following formula: 

E = NR 

A guaranteed day rate with piece rates based on motion and time study. 

One criticism of straight piece work is that a worker may suffer a severe 
loss in earnings from conditions over which he has no control. This criti- 
cism is eliminated when he is guaranteed a minimum base rate. This 
plan somewhat complicates the problem of the budget director and cost 
accountant, but its evident fairness to the worker and its tendency to 
reduce friction between management and the men counteract the dis- 
advantage in cost determination. Sometimes the guaranteed minimum 
corresponds to what would normally be a day rate when the failure of 
the worker to make his piece rate is caused by a shortage of material, 
machine breakdown, and similar factors. Payment of the predetermined 
average earnings over a recent period is usually made when the worker 
is transferred to a new job for the convenience of management. The 
payment of a guaranteed minimum rate to the worker places the desired 
share of responsibility on the supervisors. Day rates are frequently used 
for piece-rate workers starting new jobs, such as making new models in 
a mass-production industry. 

Day rates based on output. In general there are two broad classifica- 
tions of day rates based on output: (1) a series of rates related to pro- 
ductivity, and (2) one high day rate when the worker reaches standard 
production and a lower day rate when he falls short of standard. The 
utilization of a series of day rates based on performance provides for a 
number of classes of operators for any given job. These classes have 
their limits, fixed by the production of the workers. As the productivity 
of an operator increases or decreases, he moves from one of these classes 
to another and consequently has his rate changed. If records covering 
the performance of a number of workmen have been accumulated, it will 
soon be found that the workers will divide themselves into fairly well- 
defined classes which can have different rates of pay assigned to them. 
It is unnecessary that the individual be working always on the same job 
or type of job to utilise this system. If a record of the individual pro- 
ductive eflSciency of each worker is kept for whatever task he may be 
working on and then all the workers are divided into distinct wage 
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groups, based on their general eflSciency rather than their efficiency on 
any one particular task, this system may be used on all jobs. Under a 
scheme of this sort, advances or decreases in the worker’s rate may be 
made at intervals of one month, three months, or any other period that 
is deemed best by the firm. 

A second type of day rate based on production provides for day rates 
for jobs rather than for workers. Each job has a day rate assigned to it, 
which is far larger than the worker can earn by the ordinary day or old- 
fashioned piece rates in force in the factory up to this time. At the same 
time that this high day rate is established, a standard is set for the job. 
If the worker^akes the standard or excels it, he receives the high day 
rate. If he fails to make the standard, he drops back to the old day rate 
or piece rate of the job or is paid by a new piece rate figured out in such 
a way that the worker suffers a loss in his pay envelope because of his 
failure to make the standard. Usually, for the most effective operation 
of this type of wage-payment system, it is necessary that the worker’s 
performance be figured over relatively long periods of time and that he 
be not deprived of the high day rate merely for failure to make the 
standard over a comparatively short time. 

This system has the advantage of the easy computation of the payroll 
that is characteristic of the day-rate scheme, and at the same time it 
enforces high production. It is very useful in plants where the workers 
object to the piece rate. 

In style industries, in which new rates must be set constantly, the use 
of day rates based on production is much simpler than any other form 
of incentive payment. Since a worker has had assigned to him a day rate 
based on past performance, on short jobs that have not been time studied 
and which it may be unprofitable to so study he may be given the day 
rate which he has had previously. He may also be kept on this same 
day rate while production standards are being worked out for new jobs 
on which standards ultimately may be set. 

Measured day work. During the past fifteen years management litera- 
ture has been featuring discussions of ^^measured day work.” ^ This pro- 
gram is an outgrowth of an attempt to recognize other factors than pro- 
duction in a wage program and still retain many of the advantages of 
the incentive plans. 

A program of measured day work establishes standards of performance 
by careful time study and sets a basic hourly wage for each job classifica- 

1 See William R. Howell, ^‘Measured Day Work vs. Wage Incentives,” The Society 
for the Advancement of Management Journal, Vol. Ill, No. 1, January, 1938, pp. 
54-67 ; also R. H. Rositzke, ^‘Measured Day Work,” Factory Management and Main- 
tenance, Vol. 95, No. 2, February, 1937, pp. 45-46. 
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tion. In addition to the base rate for each job classification, the employee 
receives added inducements based upon his dependability, versatility, 
quality of output, and productivity. Length of service and other factors 
may be included if desired. The base rate for the job classification re- 
mains constant as long as the method and the conditions of the work or 
the general wage level remain unchanged. The added inducement which 
is part of the individuaPs wage may change from time to time, depending 
upon the worker’s actual performance over the past period evaluated. 
The length of this period may be one month at the beginning of such a 
wage program but is usually increased to three months after the system 
is thoroughly established. Careful records must be kept of the worker’s 
attendance, quality of work, productivity, and similar factors to enable 
the foreman periodically to evaluate his relative worth to the company. 

In establishing the base rates, each job is carefully evaluated in terms 
of such factors as: 

1. Mentality required to perform the work. 

2. Skill required of the worker. 

3. Responsibility for material and equipment. 

4. Physical application and energy required. 

5. Mental concentration required. 

6. Working conditions. 

Absolute uniformity does not exist by any means in the factors included 
in the job evaluation. The Kimberly-Clark Corporation does not include 
working conditions unless two jobs are rated exactly the same, in which 
case working conditions are considered to see if one job should be rated 
above the other.^ 

Measured day work tends to level out the worker’s earnings more than 
do most incentive plans, particularly during periods of introducing new 
models or closing out old ones. In some instances the worker is paid on 
a weekly basis. This system places an additional burden upon super- 
visors to keep production per worker up to task; however, this problem 
is not so great when workers are paced by a conveyor. It does, however, 
become significant where the assembly line is not used. Clerical work for 
payroll purposes is much less than under many of the incentive plans, but 
the work necessary to collect the data needed for periodically evaluating 
the individuaVs addition to his base rate raises the clerical detail to 
approximately the same level as that of most incentive plans. Workers 
will not complain when their ratings are being raised, but friction can 
easily develop when an individual’s rating is lowered. To avoid prejudice 

2 See “Compensating Plans for Executives and Workers,” American Management 
Association, Personnel Series, No. SO, pp. 8-16. 
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it is wise to have the aid of supervisors other than the foreman in rating 
the workers. 

Measured day rates eliminate complaints from the workers about short- 
ages in their pay, which are frequent under incentive programs. A criti- 
cism of measured day work is that the basis is shifted from “an engineer's 
job standardization to the personnel man^s job analysis.’’® 

Taylor’s differential piece rates.^ The differential 'piece-rate system 
was Frederick W. Taylor’s contribution to wage theory and practice. In 
keeping with his other scientific approaches, his system requires carefully 
established time standards and standardization of work, work place, and 
materials. system has two piece rates: a high rate, which is paid 

to workers who make the set task or do better, and a low rate, which is 
paid workers who fail to achieve the task. The high rate is set at a 
point considerably above the loose community standard, and the low 
rate is set at a point below the community standard. Thus the task time 
for a given job may be 2 hours, with the high rate $3.0(> and the low rate 
$2.00. If the worker does the job in 2 hours, he receives $3.00, which 
is equivalent to a rate of $12.00 per 8-hour day. If the worker takes 
2^4 hours, he receives $2.00 — a rate of $8.00 per 8-hour day. Although 
this last figure is somewhat misleading, since it may be assumed that 
no worker allowed to work under this system would fall down on every 
job during the day, it will be seen that the system is severe on the worker 
who fails to make the task. 

The formula for computing daily earnings under Taylor’s system is as 
follows: 

Below task: E = NRi 

Ri stands for the lower piece rate, which is intended to be a penalty 
for not reaching a task. 

At or above task: E = NR 

R in this instance is the standard rate that the worker is supposed to 
earn. The assumption is that the management has gone to great trouble 
and expense to insure that all management factors are properly working, 
and the only causes for failure to do the task within the allotted time 
are under the control of the worker. If the worker is a first-class man, 
he will make his task. If he is not a first-class man and cannot be trained 
to be a first-class man, he is not wanted; in fact, if he continuously fails 
to make his task, he will be discharged. 

* See Charles W. Lytle, Wage Incentive Methods, Ronald Press Company, New 
York, 1942, pp. 142-143. 

^Ihid., pp. 178-179. 
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The Taylor differential piece rate is seldom found in its original form 
in industry today. The culling action at the point of achieving the task 
was found to be so extremely severe that the measurement of the task 
and the control of conditions set for the workmen had to be guarded with 
extraordinary care in order to avoid complaints or feelings of injustice 
on the part of the workmen. The fact that the Taylor differential piece 
rate does not guarantee a basic day wage is, therefore, the primary reason 
why it has fallen into disuse. Mr. Taylor recognized this point himself, 
for he said: 

When, however, the work is of such variety that each day presents an entirely 
new task, the pressure of the differential rate is sometimes too severe. The 
chances of failure to quite reach the task are greater in this class of work than 
in routine work, and in many such cases it is better, owing to the increased 
difficulties, that the workman should feel sure at least of his regular day’s rate.^ 

Gantfs task-and-bonus system. H. L. Gantt, while associated with 
Taylor at the Bethlehem Steel Company, devised his task-and-bonus 
system, which Taylor in his later life strongly advocated. If the task 
is accomplished, the company receives a definitely known minimum out- 
put at a lower total cost per piece than under the older wage-payment 
systems. In return for his effort to make the task which the company 
has set, not only does the workman receive a reward which is large 
enough to make him wish to accomplish this amount of work, but also 
he is guaranteed his hourly rate if he fails to reach the goal. If he accom- 
plishes the task, he is paid at his regular hourly rate for the time allowed 
for the task, plus a percentage of that time. This is equivalent to a high 
piece rate. Thus the workman has all the advantages of day work on a 
task he does not meet and all the advantages of high piece rates if he is 
proficient. The basing of the high rate on a day wage, although it takes 
the form of a piece rate, makes it possible to assign different rates for 
varying lengths of service or all-round abilities. The task-and-bonus 
system is built on the idea of the worker^s earning the bonus every time. 
This point is of some importance when considering the relative merits 
of this system and differential piece rates. Both Taylor and Gantt paid 
a bonus to the foremen. Gantt gave an additional bonus to the foreman 
when all his men attained their tasks. This system is not suitable for use 
in a transition period. 

The bonus, under the task-and-bonus system, is determined by the 
individual concern in accordance with its particular needs; it ordinarily 
ranges from 20 to 50 per cent of the task rate. Gantt actually varied the 

® Frederick W. Taylor, Shop Management, Harper and Brothers, New York, 1919, 
pp. 78-79. 
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bonus percentage all the way from 20 per cent to 100 per cent, depending 
entirely upon the nature of the work. On the assumption that the bonus 
is 33^ per cent, which is fairly typical for ordinary machine-shop work, 
the formulas for computing the daily earnings under the Gantt plan are 
as follows: 


Earnings up to but not including task: E = TR 

SR 4 

Earnings at or above task: E = SR + — = - SR 

o o 

To generalize this formula to include any percentage that may be used 
as a bonus, lefe^ represent this percentage. The formula will then read: 

E = SR -f" pSR 

To illustrate the workings of the Gantt system, let us assume that 
A, Bj and C respectively produce 28, 32, and 36 pieces in a day of 8 hours, 
that the bonus is 33^4 per cent, that the task calls for 32 pieces per 
8-hour day, and that the rate is 70 cents per hour. The respective earn- 
ings will be as follows: 

1. A will earn 8 X 70f^ = $5.60, since he gets the guaranteed day rate. 

2. B will earn 8 X 70^ + % (8 X 70^) - $7.47 or 1% (8 X 70^) = 
$7.47. 

3. C will earn 9 X 70(f + % (9 X 70^) = $8.40 or 1% (9 X 70^) = 
$8.40. 

The system is in substance a day wage for substandard workers and 
a task rate for men who are standard or better. In reality this task rate 
is equivalent to a high piece rate expressed in terms of standard hours 
rather than in terms of individual pieces. It is possible to compare the 
efficiencies of different departments by comparing the standard hours 
worked in each to the actual hours worked. The Gantt system avoids 
the criticisms that are made of the sharing principle common to the 
Halsey and similar plans. Also, it is easy for the worker to compute 
his wage. The Gantt plan, when installed under the guidance of Mr. 
Gantt, made wide use of charts to show the worker daily just where he 
stood in relation to attaining a task. Such a chart showed not only the 
status of theJndividual worker but also the corresponding status of his 
fellow-workers, thus creating friendly rivalry.® 

Task systems as an aid in production control and cost predetermination. 
Any well-formulated task, with a bonus for making it, tends to cause the 

® See Charles W. Lytle, op, cit., pp. 185-189, for a detailed discussion of the Gantt 
plan. 
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workers to meet their goal every day. This is a great aid to production 
control and cost predetermination. It is in this respect that task systems 
differ most sharply from stiaight piece rates based on job study. In fact, 
there would otherwise be no real difference between task and bonus and 
the straight piece rate with guaranteed day rate. Under the latter system 
the guaranteed day rate is usually somewhat lower than the amount 
which can be earned on piece rate if the time set by job study is reached. 
There are thus several intermediate stages between the number of pieces 
equivalent to the day rate and the number equivalent to the standard. 
Under the task-and-bonus system there is no such condition. The day 
rate prevails until the task is achieved, when there is a sharp jump in 
the wage because of payment of the bonus. This sharp jump at the task 
point has the effect of causing the worker to meet the task set practically 
every time. Thus it is possible to predetermine overhead costs and use 
these overhead costs in developing standard costs. Furthermore the 
steady pull exerted upon the worker to reach the standard makes it pos- 
sible to schedule and dispatch operations in the shop with the assurance 
that machines will be available at stated times. Although 5 or 10 minutes 
on one operation makes no difference in this matter, accumulations of 
such times over many jobs may readily disorganize a whole shop schedule. 

The Curtis Publishing Company of Philadelphia made a very success- 
ful adaptation of the task-and-bonus system to its factory operations 
and to allied work. This application has since been extended to clerical 
operations. An example is the plan used by the trucking division. The 
various runs which their trucks made to warehouses, freight stations, and 
post offices were carefully studied and timed. Each run was evaluated 
at a certain number of points, on the basis of ten points for a fair hour’s 
work. As a driver finished a run, his work ticket was punched, thus 
giving him current informatioh as to whether he was ahead of or behind 
his task. For production in excess of ten points per hour he received 
additional compensation. The urge to reach the task and even exceed 
it was evident. Accomplishment was possible because, as job studies 
indicated, the basis of ten points was in reality lower than a satisfactory 
worker could produce with proper application to his task. Routes through 
uncrowded streets were carefully mapped for him, and it was only under 
most unusual conditions of traffic or bad weather that he was prevented 
from making ten points or more through causes outside his control, and 
in such instances the management awarded additional credit points appro- 
priate to the occasion. The governed speed of all trucks prevented viola- 
tion of speed laws, and the saving to the company remaining after pay- 
ment of incentive compensation was derived from the initiative and appli- 
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cation of the drivers and loaders beyond that required by their standard 
task. 

Emerson efficiency-bonus plan. Harrington Emerson ^s efficiency-bonus 
plan guarantees the base day rate and pays a gradmted bonus beginning 
at 67 per cent efficiency, culminating with a 20 per cent bonus at 100 per 
cent of standard. In addition to the 20 per cent bonus based on the day 
rate times the time actually worked, Emerson paid for the full production 
in terms of standard time for all production above standard. Under this 
plan the efficiency of the worker is not determined on a particular job 
nor a particular day^s work but over a pay period or even longer. There 
is thus less drive on the worker to make task time on each particular job, 
because, if Ee falls a little behind on one job, he can make up on the next. 
There is, furthermore, a gradual pull on the worker, and a man who is 
98 per cent efficient makes more nearly the wage of the 100 per cent man 
than under the Gantt task-and-bonus system. Workers who are over 
100 per cent efficient under the Emerson plan do not receive quite the 
wage of workers under the task-and-bonus system, for they receive their 
basic wage for the allowed time, but their bonus (which is usually 20 
per cent) is figured on the time actually worked rather than the allowed 
time. 

The efficiencies are expressed in terms of a percentage. Thus, if in one 
period a worker has actually worked 96 hours and has done only work 
for which the standard time is 84 hours, his efficiency is 87% per cent. 
If he has done work for which the standard time is 91.2 hours, his efficiency 
is 95 per cent. If he has done work for which the standard time is 105.6 
hours, his efficiency is 110 per cent. A sample bonus table under the 
Emerson system is as follows: 


Emerson Bonus Percentages 


Percentage of 

Percentage 

Percentage of 

Percentage 

Efficiency 

of Bonus 

EflBciency 

of Bonus 

67.00 to 71.09 

0.25 

89.40 to 90.49 

10 

71.10 to 73.09 

0.5 

90.50 to 91.49 

11 

73.10 to 75.69 

1 

91.50 to 92.49 

12 

75.70 to 78.29 

2 

92.50 to 93.49 

13 

78.30 to 80.39 

3 

93.50 to 94.49 

14 

80.40 to 82.29 

4 

94.50 to 95.49 

15 

82.30 to 83.89 

5 

95.50 U) 96.49 

16 

83.90 to 85.39 

6 

96.50 to 97.49 

17 

85.40 to 86.79 

7 

97.50 to 98.49 

18 

86.80 to 88.09 

8 

98.50 to 99.49 

19 

88.10 to 89.39 

9 

99.50 to 100.00 

20 


The formula for computing earnings according to the Emerson plan 
is as follows: 
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Earnings from 66% per cent of task up to task: E = TR + p{TR). 
(The value of p is to be found in the table on p. 342.) 

Earnings at and above task: E = TR + (S — T)/? + 0.20 TR, or 
E SR + 0.20 TR. 

On the basis of Emerson’s bonuses the wages earned by the man whose 
base rate is $1.00 per hour, working a 40-hour week under the percentages 
of efficiency indicated, will be for a pay period of 2 weeks: 


Percentage of 

Base 


Total Wage, 

EflBciency 

Rate 

Bonus 

Two Weeks 

87M 

$80.00 

$6.40 

$86.40 

95 

80.00 

12.00 

92.00 

no 

88.00 

16.00 

104.00 


The Emerson and similar systems of graded bonuses exert less pressure 
on the worker to make task time with all its attendant management 
advantages. Since efficiencies are determined over a pay period, a man 
cannot work at maximum pressure on one job, thereby making a very 
high rate, and then take things easy on the next job, with assurance of 
a good day’s wage. However, under the task-and-bonus system disci- 
plinary action may eliminate any such program on the part of a worker. 

Under the Emerson plan, earnings of the workers are posted daily, 
thereby mitigating somewhat the criticism that the plan is difficult for 
the worker to understand. The system creates much clerical detail and 
from this standpoint is expensive. In spite of its difficulties some pro- 
gressive industries are using the system at present. 

The Bedaux system. This system was perhaps the first of a number 
of point systems which provide a common denominator, man minutes, to 
which human activity in all industries may be reduced. Percentages of 
fatigue, predetermined by the class of job, are added to selected operation 
time to give task time. Task time is then expressed in terms of standard 
work minutes or standard work units.'^ If a particular operation calls 
for 30 standard work minutes or standard units, the worker is allowed 
30 minutes for its completion. The wage earned is equal to the money 
value of the total number of standard work units produced. Day work 
and lost time thl.t are not the fault of the worker are paid for at the rate 
of 60 standard work units per hour. The operator receives the base rate 
for each operation plus a fraction of the base rate expressed as ^^premium 
standard work units,” or payment for the additional standard work units 
which he has done. If standard base rates are not reached, the operator 

7 Standard work minutes were formerly called B’s, 60 B’s making an hour or a B 
hour. 
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nevertheless receives such a rate for his performance. This amounts to 
a guaranteed day rate. 

The chief contribution of such systems is that all work is broken down 
to common denominators, and hence comparison between departments or 
plants is simplified. The Bedaux plan makes careful use of job stand- 
ardization and time study. The Bedaux engineers do not claim to have 
a standardized program for all situations but lay great emphasis upon 
adjusting their program to suit individual needs. 

The formulas for computing the earnings of the worker under the 
Bedaux plan are as follows: 

Earnings at or below task = TR 

Earnings above task = TR -f p(aS — T)R 

p represents the percentage agreed upon as the share of the time saved 
to go to the worker. S is found by dividing the number of standard work 
units by 60. 

For quite some years now, in most cases where the point plan has been 
newly installed, the full time saved has gone to the worker.® This means 
that a worker having a $1.20 base rate would receive 2 cents per minute 
for every standard minute of work produced over and above the standard 
productivity of 100 per cent (60 points per hour). When this is the 
case, E = SR, 

The ability to compare the efficiencies of departments regardless of the 
nature of the work is a strong feature of this program. To illustrate, if 
the total point hours of production in a given department are 9000 and the 
actual number of hours worked is 8000, then the efficiency for the par- 
ticular department will be 9000/8000 = 1.125, or 112.5 per cent. This 
figure can easily be used as an index of efficiency of the department. 

Beginning operators may be paid a rate below the standard base rate 
and need not be advanced to the standard rate until, by maintaining a 
production of 60 standard work units per hour for several successive days, 
they have indicated that they are capable of earning the base rate that 
has been set. 

One-hundred per cent time-premium plan. The one-hundred per cent 
time-premium plan is equivalent to the straight piece-work wage program 
having a guaranteed day rate with time instead of number of pieces as 
the unit of payment. It is also a modification of day rate based on pro- 
duction, as described on p. 335. The result is identical with the Bedaux 
plan when the worker is given the full time saved, on the assumption, of 

® Letter to the author from F. A. Mattka, Director of Research and Development 
Bureau, Albert Raymond and Associates, Chicago, July 27, 1946. 
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course, that the standard task is the same for both systems. A task 
time is set for each operation. Each class of work may have a specific 
rate per hour, or the worker may be given a definite rate per hour regard- 
less of the work he performs. The worker^s time and efficiency relative to 
the standard task must be accumulated for each job in order to compute 
his earnings for the day. This is true regardless of whether the rate is 
assigned to the worker or the job. The worker is usually guaranteed the 
base rate for each job. To illustrate, let us assume that a worker works 4 
hours on job A, for which the rate is 70 cents per hour, and produces 5 
standard hours of work, then finishes the 8-hour day on a job for which 
the rate is cents per hour, producing 4 standard hours. His earnings 
will be: (5 X 70^) + (4 X 72^) = $6.38. If the rate applies to the 
worker instead of the job, his earnings in the situation just described will 
be as follows, assuming that his hourly rate is 70 cents per hour: SR, or 
9 X 70^ = $6.30. The plan is simpler where the rate applies to the 
worker instead of a job. This plan has an advantage over straight piece 
work in the event of raising or lowering the base rates. The standard 
times remain the same, and the only change required is the hourly rate. 
This simplifies the record-keeping problem in case of changes and pos- 
sibly has certain psychological advantages. 

It is possible under the plan to give recognition to a worker’s length of 
service by raising his hourly rate. When this is done, the one-hundred 
per cent time-premium plan embraces many of the characteristics of the 
measured day work plan. 

Table 24.1 is a convenient reference for comparison of the various 
wage-payment systems and for information concerning their effect on 
various phases of operations. 



CHAPTER 25 


SPECIAL FORMS OF WAGE PAYMENT 

Group payments. Group payments are of greatest value when the 
workers are operating on assembly lines or on a series of operations where 
each worker^s output is dependent upon the productivity of the other 
members of the group. Group payments have also been used for entire 
departments and workers not associated with each other. Most of the 
various incentive plans can be used in paying groups. Since but one 
premium or bonus need be figured for each group involved, the amount 
of clerical labor is somewhat reduced. Group payments may also be 
used to reward foremen and other supervisors by including them in the 
group or departmental unit that is subject to the bonus. Group payments 
aid management in checking the efficiency of groups, departments, and 
the plant as a whole from day to day. No complicated statistics are 
necessary, but merely a review of a few time tickets. 

Advantages of group-bonus plans. Group payments are presumed to 
promote worker cooperation. Indirect workers, even janitors and other 
laborers, when included in a producing group may develop a sense of 
responsibility for production and cooperate effectively to this end. 

The group gives special attention to “bottlenecks^^ in production. 
Wherever in lone production there is a constant “hold-up” operation 
the group-bonus plan tends to speed this point up to the capacity of the 
rest of the line. The slow operations are assigned to the fastest men in 
the group, and thus all the help necessary is given to obtain the maximum 
production. There are “tricks of the trade” in every operation, and when 
several workmen are involved the best and fastest methods are worked 
out in very short time by the group members. A group bonus, because 
it makes one worker desire to help another, results in developing all-round 
men. This is of importance when production must be decreased, for, by 
reducing the number of men in the group, production is cut automatically. 

Group bonuses have at times been used under conditions for which 
they are unsuited. If the jobs are entirely unrelated, it may be that the 
spurring action of one employee on another will not be so effective as 
anticipated, and under such conditions poor operators will profit from 
the better-than-average work of the best men. Under some conditions 
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the best workers will feel that an unfair advantage has been taken of 
them by figuring their wages partly on the efforts of inferior workmen. 
Group bonuses will usually work to advantage when a given operation 
is performed by several persons whose individual efforts are inseparable 
for wage-payment purposes, but they will not always succeed when ap- 
plied to whole departments. It is probable that the relative ease of 
setting bonuses by groups does not compensate for the inaccuracies which 
occur. Under such conditions bonuses may preferably be paid on an 
individual basis. 

Disadvantages of group-bonus plans. The fact that some workers 
receive wageij^hich are based partly on the output of others may en- 
gender ill feeling and backbiting. Rate cutting is just as easy with the 
group bonus as with any other type of wage payment. If the manage- 
ment feels that the men are making too much money, a nonproductive 
worker, such as a sweeper, can be added to the group, with the explana- 
tion that the management had not included him through oversight but 
that he really was a part of the group at all times. Most of these dis- 
advantages are not inherent in the system of group-bonus payments as 
such but arise largely from the failure of management to perform its 
function properly. It is true that the payment of a group may offer man- 
agement an excuse for its action; such a performance, however, seldom 
deceives anyone other than management itself. 

The size of the group. In actual practice groups have varied in num- 
ber all the way from 4 or 5 to as many as 1000, or in a few cases even 
more. When the group is small enough so that each man can see the re- 
sults of his individual efforts, the system functions more effectively. It 
is difficult to set a desirable mathematical limit on the exact size of a 
group. Probably a group ranging in number between 10 and 20 workers 
can possess all the desirable qualities sought. The worker can see the 
results of his efforts more clearly in a group of 10 than in one of 20. The 
elimination of one worker from a group of 21 imposes an increase of 
5 per cent on each of the remaining workers if they are to absorb the addi- 
tional burden. The elimination of one worker from a group of 11 results 
in an increase of 10 per cent to the remaining men under the same condi- 
tions. When the worker sees his bonus increase 10 per cent, this means 
a great deal to him.- 

Practically all groups of moderate size have a recognized leader and 
pace setter among the workers. This man may be the subforeman or, 
more frequently, one of the workers. When the group is small enough 
for this leader to make his influence felt, best results are derived from the 
group bonus. Through its unofficial leader the group will exert pressure 
upon lazy members who are holding down the group earnings. The in- 
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fluence of the worker leader diminishes very rapidly when the group 
exceeds 20 men. It is even more effective with a group smaller than 20. 

Rate for beginners. The rate to be paid the beginner is not easily 
established from the standpoint of managerial cost predetermination and 
justice to the group and the learner. The value of the beginner in terms 
of actual productivity is frequently very low for the first few days. It 
naturally becomes relatively higher as experience is acquired. Even 
though the beginner may be given a relatively low day rate at first, he 
will often take from the group more than he contributes. This situation, 
which is not conducive to his acceptance by the group, may be handled 
in different ways. In some cases the learner does not share in the bonus 
for a short period, after which he is placed in the regular group. In other 
cases he does not share the bonus until he has reached or nearly reached 
standard performance. In other situations he is placed in the group from 
the beginning. When the group is large, the addition of the learner does 
not pull down the earnings of the other members so much, but it becomes 
a real problem in smaller groups. The solution usually consists of a 
compromise. 

Supervisory bonuses. Group bonuses frequently are most effective 
when the foremen participate in the increased earnings. Therefore, usu- 
ally the production bonus that a foreman receives is directly propor- 
tional to the productivity of his department. This is an essential feature 
of any foreman’s-bonus scheme. In the Bedaux system it is easy to 
determine the number of ‘^standard units” produced by a department 
and to give the foreman a bonus based on a previously determined scale. 
Under the task-and-bonus scheme a foreman may receive a bonus based 
on the number of workers under him who are themselves receiving 
bonuses. The foreman becomes directly concerned with the removal of 
all obstacles toward increased production, instead of leaving this problem 
to the higher executives or the methods men. Foremen's bonuses can be 
worked out for any phase of the operation of their departments, for in- 
stance, quality, accident reduction, or methods improvements. 

Foreman’s bonus based on over-all performance. Bonus plans for 
foremen have been used in many forms to accomplish specific purposes. 
The foreman's t 9 .sk is not a simple one but is made up of many factors, 
none of which can be neglected if his function is to be discharged. Sev- 
eral wide-awake enterprises have made the over-all bonus for foremen 
an integral part of their incentive program for these key men. Others 
have devised such a program for all executives from the grade of fore- 
men up. Simplicity should be considered in all bonus plans, which, to be 
effective, must be so worked out that the individual can see the results of 
his efforts, not merely the pay check at the end of the period. 
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No standard practice is used in computing foremen’s bonuses. Some 
of them are exceedingly complicated, and others are simple in computa- 
tion. Supervisory bonuses that are within the possibility of attainment 
range all the way from 10 per cent to 25 per cent of the foreman’s salary. 
Bonuses are more effective when they are paid on a basis of a relatively 
short period, such as a month. They are frequently paid on the basis of 
the ratio of actual departmental expense to standard departmental ex- 
pense. For instance, one company pays a bonus for performance above 
90 per cent of standard, paying 1 per cent of salary for each percentage 
above 90 per cent of standard but not to exceed 25 per cent of the base 
salary. In pisder to prevent manipulation of expenses, at times a three 
months’ average of preipiums earned is paid instead of the premium for 
the latest month. The bonus is usually computed in relation to con- 
trollable expenses, sufh as direct labor, supplies, perishable tools, scrap, 
and certain miscellaneous items.^ 

The Wilcox-Rich Division of the Eaton Manufacturing Company, De- 
troit, uses a supervisory bonus, which begins at 90 per cent efficiency in 
relation to attaining the budget, with a limit of 20 per cent of the super- 
visor’s salary. For instance, on the basis of a moving average for 3 
months, a supervisor is paid a bonus of 5.6 per cent if his efficiency is 
95.6 per cent. If his efficiency is 112 per cent, his bonus will be 20 per 
cent. The supervisors’ budget includes direct labor, indirect labor, sup- 
plies, maintenance, scrap material, and tools. A daily report to the 
foremen from the cost department serves as a strong stimulant to each 
foreman to watch his costs before they get out of hand. The objective 
of the company in using the foreman’s bonus is said to be: 

1. To reduce manufacturing expense. 

2. To “Budget” such expenses on a “daily” flexible basis and to compare actual 
results with this budget, 

3. To encourage all levels of supervision to be expense-minded. 

4. To reward foremen for reduction in manufacturing expense by allowing them 
to share in the savings made. 

Bonus for quality. Some persons feel that the various incentive sys- 
tems militate against the maintenance of quality. They fear that the 
worker’s interest in earning his bonus will cause him to slight quality. 
There are two general remedies which can be applied to this situation 
to help maintain quality while the worker is trying to earn his premium 
or bonus wage. The first of these remedies is to insure stringency of 
inspection and pay only for quality output; the second is to utilize some 
sort of quality wage bonus. 

^See Charles W. Lytle, “Incentive Compensation for Foremen,” American Man> 
agement Association, Production Series, No. 166, New York, 1946, pp. 17-31. 
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If strict inspection standards are maintained and the workers know 
that defects will be returned to them for reworking or that they will be 
otherwise penalized, quality can be maintained. An adequate inspec- 
tion system will ordinarily prove to be sufficient inducement to secure 
quality. Bonuses for quality are more frequently found only where qual- 
ity, not quantity, is of paramount importance, although they are also 
used at times where quantity is desired. 

Quality bonuses may be used with any wage system that has been 
discussed. In some cases they form the only type of incentive wage given. 
Quality bonuses divide themselves into two classes: (1) those which are 
utilized where quantity bonuses are impossible, or at least impracticable, 
and (2) those which are used in conjunction with some form of quantity 
bonus to make a composite wage system in which the pressure on the 
worker will be toward both quantity and quality. 

It is easy to combine the payment of quality bonuses with bonuses for 
quantity. Combining such bonuses will prove an immediate check on 
rapid increase of production without regard to quality. Thus, in the 
weaving of cloth, a bonus may be paid on the production which is secured 
from the loom, and another bonus may be paid if the defects which are 
discovered in a certain number of yards of cloth are kept below a cer- 
tain number. The relative amount of bonus to be paid for quantity and 
quality will vary with the importance of quality in the particular in- 
stance, for example, with the value per yard of the finished fabric. 

A combination inspection system and quality bonus which is known 
as the ^^debit and credit bonus^^ has been devised. This may be applied 
on processes which involve a number of very short operations, as in some 
of the needle trades, where the cost of inspection after each operation 
would be prohibitive. Under this system each operator forms a check 
on all preceding operators for the quality of their work. If she discovers 
a defect in quality, she reports it to the foreman and receives a stipulated 
bonus for so doing, which is charged against the worker making the error. 
This is a rather unpleasant plan and is sometimes resented by workers 
who do not like to report each other. This automatic inspection scheme, 
although very harsh in its application, occasionally has proved very effec- 
tive in raising quality on short operations. 

Attendance bonuses. Attendance bonuses may be paid for attendance 
only, may include extra payment for promptness, or may be paid for 
promptness only. Bonuses of this type are frequently paid in money but 
are sometimes given in the form of a vacation or added days on vacation. 
If the bonus is paid in money, the amount is liot usually very large. If 
it is paid in vacations, a frequently used basis is one day^s vacation (or 
extra vacation, if the factory is already on a vacation basis) for each 
month of perfect attendance. 
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In times of acute labor shortage attendance bonuses are of value in 
increasing output, since they promote continuity of attendance by the 
working force and thus insure that any production program that is 
mapped out will not be hindered by lack of personnel to carry it through. 
The promptness bonus is particularly advantageous in this respect, inas- 
much as it usually results in almost uniformly prompt attendance 
throughout the factory. As a result the production department can know, 
soon after the factory doors open, what vacancies in the factory force 
must be filled in a given department on that day in order that production 
may be kept flowing smoothly. 

Many exe<w*tives object to an attendance bonus on the grounds that, 
when a person is hired, he is expected to be at the factory on all working 
days and to be there promptly. Therefore an attendance bonus should 
be unnecessary and i^ an undesirable payment. In times of slack pro- 
duction attendance bonuses are likely to be quickly eliminated. 

Length-of-service bonuses. There is some question just how far a 
differential in the base earnings due to length of service should be carried. 
Ordinarily a worker with 5 ycars^ seniority doing as much or at times 
even more work than the 10-year man has difficulty recognizing the jus- 
tice of paying the 10-year man more merely because of his length of 
service. 

Some plants give workers of long service higher base rates than newer 
workers on similar jobs. A soap manufacturer has combined variable 
hourly rates, based on length of service, with piece rates. A certain num- 
ber of units, or pieces, is set as an hour^s task. Different workers are 
paid different rates per hour, based on length of service and ability to do 
more than one job, but their wage is determined by the units set for a 
given job. An interesting advantage of this method is that the task, 
being set on units per hour, is expressed in the same terms for every 
worker, regardless of his individual base rate. 

Some plants have paid for long service by bonus or profit sharing, 
rather than by either of the methods just described. This bonus, usually 
a percentage of earnings, is paid regardless of the type of work which is 
performed or the money earned in a given period, and it increases as the 
length of service increases. Some plants have begun the payment of 
service bonuses as soon as 6 months after the individual has entered the 
employ of the concern, whereas many have deferred the payment for as 
long as 5 years. The basis of this payment depends on the type of worker 
that the company desires to reach and also on the length of service that 
is necessary to make the employee really of extra value from a producing 
standpoint. 
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Odd-shift bontxses. During World War II there was a marked increase 
in the payment of odd-shift bonuses. At the beginning of the war this 
practice was by no means general, yet as the war progressed it became 
increasingly the custom for the War Labor Board to approve these differ- 
entials and at times to order them. 

Some of the plans for the payment of a bonus for night-shift work are 
as follows: (1) payment of a certain stipulated number of hours^ pay per 
week in addition to the pay for the number of hours actually worked on 
the night shift, for example, payment for 3 or 5 extra hours; (2) pay- 
ment of a bonus of a certain number of cents per hour worked on the 
night shift, as 5 cents per hour for the second shift and 7% cents per 
hour for the third shift; (3) payment of a certain percentage of the day 
rate in addition to the day rate for odd-shift work, as 10 per cent and 
15 per cent. The increase of the base rate for night work need in no 
way affect the operation of an incentive wage system, as the premium or 
bonus can be figured on the night base rate as easily as it can be figured 
on the day base rate. 

Salesmen’s remuneration. The same elements that cause inefficiency 
under the day rate in industry apply to salesmen under straight salary. 
Any commission or bonus plan is usually coupled with a basic salary or 
drawing account. Commission over straight salary is paid for sales above 
a minimum quota that has been set, and drawing accounts are paid back 
by the salesman through commissions earned, after which all commis- 
sions earned are his. Many firms give salesmen bonuses for unusually 
good performance. These bonuses may be paid in addition to the regu- 
lar commission, or they may be used in connection with sales people who 
are primarily or entirely paid on a salary basis. Bonuses are likely to 
be paid quarterly, semiannually, or annually, whereas commissions are 
usually paid at shorter intervals, frequently to correspond to the regular 
pay period. 

Basic salaries can be determined on the basis of the salesman's past 
worth to the company, plus his knowledge of the company's products, 
and with regard to the type of customer with whom he is dealing. Com- 
missions vary with the extent to which sales price exceeds cost and with 
the total of goods sold. Frequently the same salesman will receive dif- 
ferent commission rates for selling different products at the same time. 
A slow-moving product that seemingly is encountering considerable sales 
resistance may carry a larger commission than another article that is 
moved more readily. The same product may carry a different commis- 
sion to salesmen travelling in different territories, the higher rate being 
paid to the man in the territory less densely populated or less productive. 
The commission for a sales person in department stores is sometimes ad- 
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justed according to the seasons in order to maintain a more equitable 
wage. Where this is the program, the commission for the slow period, 
such as August, is usually higher than for the month of December. 

Advantages of the straight salary are somewhat greater in selling than 
in manufacturing industries. The advantages claimed for the straight 
salary for salesmen are: 

1. Management may exert more direct control over the salesman’s activities, such 
as sending him to any territory or part of his territory, assigning him to special tasks 
or to selling special items. 

2. The plan is simple and easily understood. 

3. Record keegjng is simplified. 

4. Security is ^ivcn the salesman in that he knows what his earnings will be. 

The main advantages of the commission plan are listed below: 

1. A strong incentive fdi* increased effort is provided. 

2. Flexibility to meet changing conditions is more readily achieved. 

3. Employees are paid largely in terms of results, which is the only truly equitable 
basis of payment. The efficient salesman is not penalized, and the substandard one 
is not overpaid. 

In connection with the advantages of the commission form of payment 
it will be observed that this method corrects the weak points in the salary 
system. It is also true that the strong points of the salary basis of pay- 
ment are the weaknesses in the commission plan. 

The ideal plan for paying salesmen would meet the following requisites: 

1. It would provide payment in terms of sales effort and accomplishment. 

2. It would provide security in that the salesman knows that he has an income at 
all times sufficiently high to meet his minimum requirements. 

3. It would provide a strong incentive for increased effort and accomplishments. 

4. It would be easily understood and would not entail excessive clerical costs. 

5. It would enable management to control the salesman’s activities, to use him 
where he is most effective for the enterprise as a whole. 

6. It would be flexible enough to enable management to meet changing conditions 
as they arise. 

Salaries of executives. Although the detailed nature of an executive 
job has little relation to the proper salary to be paid for it, there is much 
to be gained in large companies through the development of a salary 
scale for executives based on some of the fundamental characteristics of 
the several jobs and of the character of the men needed to fill them. 

In the main, there are two groups of executives: top management, as 
represented by the policy-determining officers, and middle management, 
comprising a very important group of operating executives below the 
rank of senior officers. The middle-management group includes the 
colonels and majors of industry, whereas the top-management group com- 
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prises the generals. The generals outline the policies and in an over-all way 
direct their execution, and the majors and colonels actually carry out 
these policies. It is very difficult to set exact limits on top executive 
salaries. They must be high enough to hold men of superior business 
generalship, or else they will enter business for themselves in direct com- 
petition with their former employers. It must ever be remembered that 
executives of demonstrated ability have little difficulty in securing finan- 
cial backers. It is also true that the salaries paid top executives are in- 
fluential in determining the salaries of middle management and all the 
other members of the supervisory group. Salaries of business executives 
bear a geometric ratio to those of their subordinates, not merely an 
arithmetic one. A chief executive who successfully directs an enterprise 
like General Motors is not overpaid if his base salary is $100,000 or more, 
with bonuses bringing the total to a half-million dollars. On the other 
hand, a man with mediocre capacity would be very expensive to a cor- 
poration if he paid a million dollars annually for the privilege of being 
the chief executive. 

As a basic principle it is good practice to pay executives a base salary 
sufficiently large to cover their needs and the rest of their salary in the 
form of bonuses or profit sharing. Such a program provides a strong 
incentive, makes them have a proprietary interest in the business, and 
does not saddle the enterprise with high fixed salary charges during 
periods of slack business. Another form of partial executive remunera- 
tion is to provide adequate pensions for them on retirement. This plan 
has the special advantage of not requiring the executive to pay special 
attention to building up a personal estate for his retirement, thus enabling 
him to give undivided attention to his company duties. A second advan- 
tage is that money paid into a pension fund is not taxed while the execu- 
tive's earnings are high. Income taxes are paid only when the pensions 
are received. Frequently $100 paid into an executive's pension fund will 
net him more than will $200 paid to him as regular salary. 

Among the factors that may be taken into account in setting a scale 
for executives^ salaries are the following: education necessary, amount 
of business experience required, amount of specialized business experi- 
ence needed, amount of administrative experience necessary, number 
of workers supervised, character of workers supervised, and amount of 
payroll supervised. A table fitting the needs of a particular business 
can be worked out, with salary ranges within each step of the table. Then 
the salary of an executive whose duties and qualifications fall within any 
step of the table is set on the basis of the salary specified in the table. 
Changes in payroll affecting executives must usually be studied and ap- 
proved by one of the major operating officials of the company, not by 
rate-setting or similar groups. 
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THE SALES DEPARTMENT 

The economic function of selling. Goods arc not completely produced 
until they have been turned over to the ultimate consumer for his use. 
In this sense the sales function is a very vital phase of production. In 
the terms of the economist, the selling function creates possession utility. 
At times the sales force may control not only possession utility but also 
place utility. It should be clearly recognized that economic terminology 
is not the language of business. The businessman divides business func- 
tions into three broad areas, namely, production, finance, and sales. The 
growth in the size and complexity of present-day markets has forced 
management to give increasing attention to the organization of the sales 
force and to the formulation of policies to guide this organization. 

The importance of the sales function. For some years before World 
War II the selling function was the one that controlled the volume of busi- 
ness because the productive capacity of most industries was greater than 
the demand for their products. This situation is known as a ^^buyers^ 
market.^^ During the war conditions changed, and the “sellers^ market^^ 
undoubtedly will continue for some years. Nevertheless, in view of the 
potential capacity of American industry, it is reasonable to expect an 
early return to the time when the sales department will set the pace. 

Although it is reasonable to expect the sales department to play a lead- 
ing part in business, it is unfortunate for any company to get into a posi- 
tion where the system of sales dominates the company. Any manufac- 
turing enterprise which places itself in a position where its distributors 
may dictate what will be manufactured and when this product will be 
turned out is in a very precarious condition for long and prosperous opera- 
tion. In the past, particularly in certain textile lines, selling agents have 
dominated manufacture to this extent, and a usual result has been that 
the manufacturing plant has sooner or later been taken over by the sell- 
ing agents; after this time a policy of coordination rather than of dicta- 
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tion has been instituted. In the discussion of control of sales there is 
thus assumed a sales or a merchandising manager having actual control 
over the means and methods of distribution, as well as responsibility to 
the general management of the business. This sales manager, although 
full of enthusiasm and drive, and with the ability to go out and get busi- 
ness in the old-fashioned way, must also be cool and calculating and able 
to plan and direct the efforts of his subordinates, as well as to coordinate 
their efforts with those of the production and financial staffs. 

The organization for sales. The over-all organization structure and 
philosophy influence the organization of the sales department. A large 
corporation manufacturing a series of products that are distinct in cer- 
tain major characteristics may be organized on a divisional basis accord- 
ing to the products. In this event there may be no central sales ofiice at 
all, or there may be a company sales manager who merely renders staff 
advice. The General Motors Corporation is organized on such a divi- 
sional basis. If a company is not organized on a product basis, the sales 
department may be organized on a regional basis (sometimes called di- 
visions) for control purposes. 

The actual organization of the sales force will be greatly influenced 
by the nature of the product, the desired market, the methods selected 
for demand creation, the distribution channels used, and various com- 
binations of these factors. Two large department stores, however, may 
follow different organizational principles even though they sell the same 
product. In one store the buyer may be in direct charge of the sales 
people, merchandise, and displays of his department, and in another store 
have no direct control over the salesmen. The advertising department in 
a toothpaste-manufacturing enterprise may report directly to the presi- 
dent and even have the sales department as a division of advertising, 
whereas advertising in most organizations is a department under the sales 
division. Sales promotion usually is a function performed by a depart- 
ment of the sales division. In some organizations it may be a separate 
department coordinate with the selling organization, and both may report 
to a common head who is a major executive. 

Centralization versus decentralization. The two large mail-order 
houses also have many retail outlets. Each is headed by separate man- 
agers and in many respects is run as a distinct organization. Again the 
question of home-office control arises in organizations having national 
distribution. If the branch managers have relatively little authority 
and have to receive approval from the central office for such items as 
credit and sales campaigns, they usually are lower paid, but the organi- 
zation lacks flexibility and service suffers. If the branch managers oper- 
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ate within certain broad policies but otherwise as if they controlled inde- 
pendent concerns, the organization is more aggressive and flexible; this 
type of organization, however, requires a higher type of personnel and is 
more expensive. Usually the additional expense is justified unless the 
products are highly standardized. Frequently such items as advertising, 
accounting, and office procedures are controlled from the central office, 
and the manager is given much latitude in the actual selling and in purely 
local mattersi 

Specialization in the sales force often is desirable. Segregation of the 
salesmen may develop from the fundamental characteristics of the buyers 
of the same acrticle, or it may result from the differences in the nature of 
the products, or both. Taxicab-fleet owners, automobile manufacturers, 
and passenger-car owners buy automobile tires, yet the problems arising 
in selling to each group are distinctly different and can best be handled 
by specialists. The Nash-Kelvinator Corporation and the General 
Motors Corporation manufacture both automobiles and electric refrig- 
erators. The technical problems involved in selling these two products 
can best be cared for by specialists in each field. However, where cus- 
tomers are few and are separated by great distances, the advantages of 
specialized skills of different salesmen may have to be dispensed with in 
t-he interest of economy in travelling expense. Foreign trade usually pre- 
sents so many special situations that they can best be cared for by a 
separate department or organization within an enterprise. In some in- 
stances a separate corporation may be organized to carry on the foreign 
trade for the parent corporation. The various situations arising in trade 
that may in one company call for segregation of salesmen are many. 
The controlling principle should be that the organizational structure is 
itself a means to an end. The same business enterprise may wisely use 
a different structural organization of its sales force in different areas at 
the same time, or at different times in the same area. 

To be effective the organization must constantly be evaluated in terms 
of its reasonably current expectations and demands. It should continue 
as a livjng entity coordinating the active interests of all concerned and 
not be a '^hang-over^' from conditions that have long since ceased to 
exist. Theoretically desirable sales organizations may well be created 
by specialists in this field, and it is desirable for the sales manager to 
have such programs before him as a goal to strive for. As a matter of 
practical necessity, he must, however, use the available personnel and, 
temporarily at least, adjust the organization to the capacities of this per- 
sonnel. A planned training program will reduce the number of special 
adjustments tlj^t haye to be made to the desired organization. 
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The merchandising department. In some companies the over-all selling 
function is handled by a department of distribution with major subdi- 
visions of sales, advertising, and merchandising. Terminology is not 
standardized, but the merchandising department usually serves as a 
coordinating and analytical department primarily concerned with product 
design, standardization, simplification, and prices. This department ap- 
proaches product design from a commercial, not a technical, standpoint. 
It strives to study consumer needs and style trends. The merchandising 
division correlates suggestions for the product regardless of the source, 
studies means of improving the attractiveness and utility of the packag- 
ing, makes market surveys, issues catalogues and price lists, and acts as 
an intermediary between engineering, production, and sales.^ 

The nature of the product and the extent of the market. Probably no 
single factor exerts S, -m^ore powerful influence upon the organization of 
the sales force than th^e nature of the product. The methods used in 
marketing Californi^ff*uit differ materially from those used in marketing 
lumber or hardware. There are two major classifications of goods, 
namely, producer’s and consumer’s, and each has its own special problems 
in marketing. Between these two classifications there are many grada- 
tions. The same product may be a consumer’s good in one instance and 
a producer’s good in another. When sold to the housewife, cloth is a 
consumer’s good, whereas it is a producer’s good when sold to the dress 
manufacturer. The selling organization must be so constructed that not 
only the nature of the product, but also the buying habits and customs 
of the purchasers, will be given due consideration. 

If the market for the product is national, the organization of the sales 
force will have to be adjusted to this situation. On the other hand, a 
product may by its nature be restricted to a local market and thus re- 
quire a different type of selling organization. The difference in the or- 
ganization may not arise out of the difference in the size of the sales force, 
although this may be a factor. For instance, ice cream is usually sold in 
a local market, whereas files and glue generally have national distribu- 
tion. An ice-cream manufacturer in Chicago may have ten or fifteen 
salesmen and a national distributor of files may have the same number, 
each firm performing a satisfactory service in its respective field. The 
market may be confined not only to a single city but even to one sector 
of this city. The nature of the product may influence the decision, or 
the policy of distribution may be controlling. In some cases a manufac- 
turer may decide to cultivate a given territory intensively, whereas in 

^ See Paul E. Holden, Lounsbury S. Fish, and Hubert L. Smith, Top^Management 
Organization and Control, Stanfoid University Press, Stanford University, 1941, pp 
53-^, 178-184. 
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another situation the same manufacturer may conduct an extensive sales 
program. Within the same area a given manufacturer may cater to two 
or three different markets. In Detroit, for instance, a paint manufacturer 
may sell directly to the automobile producers and governmental units, 
and through retailers to contractors and to householders. Each of the 
three markets may require special salesmen, a fact which will definitely 
influence the organization of the sales force. The custom that has grown 
up in a given industry may also influence the organization of the sales 
force and the method of distribution. 

Distribution channels. Both the nature of the product and the market 
that is desired^efinitely influence the organization of the sales depart- 
ment and the choice of distribution channel. Rarely indeed are auto- 
mobiles sold in department stores, yet women^s stockings always are. On 
the other hand, women’s stockings have successfully been sold directly 
to the consumer. Certain products require specialized knowledge to 
demonstrate and sell. The ordinary retail outlet is seldom in a position 
to give this specialized service. Machine-tool manufacturers have often 
found the mill-supply houses unsatisfactory as outlets for their products 
and have sought to deal directly with the users of their equipment, al- 
though this is usually an expensive method of distribution. Staple prod- 
ucts are successfully marketed through the regular retail outlets. A large 
manufacturer of several products may utilize many different outlets. In 
one area he may sell through wholesalers and jobbers and in another 
through his own branches and warehouses, whereas in still another region 
he may offer a product through chain stores. Here again such factors 
as the financial resources of the company, custom, the extent of the 
market, the nature of the product, and the special inclinations of the 
management may be controlling. 

The choice of methods used in promoting sales is very closely connected 
with the channel of distribution. This phase of the selling program in- 
volves such items as the use of personal salesmen, selling through cor- 
respondence, the use of samples, the use of advertising, and the medium 
to be used for advertising. These methods may be used singly or in any 
combination. The actual methods used directly influence the organiza- 
tion of the sales department. Mail-order selling or selling by correspond- 
ence requires a distinctly different selling organization from that used in 
house-to-house canvassing. If large-scale advertising is used, a special 
advertising department or the employment of an outside advertising 
agency will be necessary. When an outside agency is hired, provision 
must be made within the employing organization to approve the adver- 
tising in a general way, at least to see that it conforms to the over-all 
objectives and policies of the enterprise. 
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Determining the sales price and credit policy. Many factors such as 
the following are considered by the sales department and the entire oper- 
ating organization in determining the sales price for a given article: 

(1) whether the company has a monopoly or is in a competitive position; 

(2) whether to “charge what the traffic will bear^^ or to determine price 
on the basis of cost of production; (3) whether large volume with low 
unit profit or relatively small volume with high unit profit is desired; 
(4) whether the demand for the product is elastic and whether substi- 
tutes, actual or potential, threaten the market; and (5) what the short- 
run competitive price in the given market is. In the absence of a 
monopoly, competitive effort in the long run will usually tend to reduce 
high unit profit. In an effort to maintain a semimonopolistic position, 
a company may engage in intensive advertising. Although intensive 
national advertising by radio, magazines, newspapers, billboards, and 
other media may not give a technically monopolistic advantage, in sub- 
stance it approaches this result, for only those organizations having tre- 
mendous capital available can successfully enter the field. This situa- 
tion is well illustrated by the toothpaste manufacturers. Relatively few 
articles have an inelastic demand. Acceptable substitutes are available 
for most products when prices get out of line. In the short run a manu- 
facturer may be forced to sell his product at a price somewhat less than 
that necessary to recover all costs, particularly during certain periods of 
the business cycle. Price determination is not solely a function of the 
sales department. In determining basic policies, the board of directors 
may elect to produce a high-quality product to be sold to a restricted 
market on the basis of a relatively high unit profit. The ultimate long- 
run price is usually a compromise between external influences and the 
many interests of the internal organization. 

If the enterprise does a strictly cash business, the necessity for a credit 
department is eliminated ; likewise much of the record keeping is reduced. 
In some organizations the credit department answers directly to the 
treasurer, whereas in other concerns it may be a functional unit of the 
sales department. Selling on credit, even on open accounts, involves 
additional burdens of investigation, billing, and follow-up of collections, 
as well as computations of discounts for cash or payment within a speci- 
fied period, such as ten days. Such a sales program ties up additional 
funds and thus influences the amount of money required for a given 
volume of business. Either system — selling for cash or on credit — directly 
influences the organizational structure of the enterprise. 

Closely related to sales price is the factor of service rendered and the 
basis of payment for it. One manufacturer may give free service for a 
period of three months to a year. Naturally payment for this service 
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must be included in the original selling price. Another manufacturer may 
operate his service department as a convenience to his customers and a 
part of his advertising program, charging the customer the actual cost, 
in some instances not including overhead and in others including all de- 
terminable costs. Still a third controlling philosophy is used by other 
manufacturers, namely, to charge for service not the actual cost but an 
amount suflSciently high to give a profit. Again, there may be various 
combinations of the foregoing policies, such as providing free service for 
the first three months and then setting charges that will make a profit 
on the operation of the service department as a whole. 

The sales UMpager. The energies of the sales manager, in addition to 
his constant drive to sell yhat is being produced or what will be produced, 
are partly occupied with thoughts of new lines of products to be de- 
veloped. The sales rg^nager has to pass on the practicability of the 
product from the selling standpoint, on the desire of the market for a 
given product, and on the power of the market to absorb new products. 
In considering these conditions, the sales manager keeps constantly in 
mind the necessity of meeting changing consumer demand and of creating 
new demand which will be directed toward* all or some of the products of 
his particular plant. The sales manager is aided in his search for new 
products or new uses for his present products by the technical research 
staff and the merchandising department. In addition to providing the 
consuming public with what it wants and when it wants it, the sales 
manager is faced with constant pressure from the producing organization 
to aid in reducing seasonal variations. These considerations are impor- 
tant whether the company manufactures primarily to schedule or pri- 
marily to customers^ orders. If the latter plan of operation is followed, 
the principal difference is that the sales manager's task is much more 
difficult, in that he has to sell and plan for sales in terms of the extent to 
which current orders fill particular portions of manufacturing capacity. 
Delivery dates on new orders that are taken must then dovetail with 
promises that have been made on orders already turned over to the pro- 
duction departments for manufacture. If the plan provides for the manu- 
facturing of ^standard products to schedule, the control of sales becomes 
somewhat simpler, although the energies of the sales force must fre- 
quently be directed toward the movement of certain articles which the 
market suddenly rejected after the budget and the manufacturing pro- 
gram were developed. 

Sales promotion. The sales department occupies a dual relationship 
with respect to consumer demand: it seeks to discover what the public 
wants and to satisfy this demand. On the other hand, it is faced with 
the problem of acquainting the public with new products, and in this 
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function it creates new demands. In large companies such promotion 
work can, in its routine aspects, be handled in the main by a sales-promo- 
tion department, operating only under the general direction of whoever 
is in major charge of distribution. However, the sales manager will be 
forced to lay out the major lines of operation for the sales-promotion 
department, if he is to correlate their work closely with that of his own 
direct assistants and with the administrative program which has been 
laid down for the company as a whole. The sales-promotion department 
must be in constant touch with the salesmen or distributing agencies 
which are actually selling the product and must be in a position to aid 
them to push a certain article in the manner which may seem most effec- 
tive at any particular time. The control of advertising campaigns and 
appropriations may be placed under such a department, although the 
actual preparation of advertisements and direct contacts with publica- 
tions or printers are often left in the hands of an advertising department 
or with an advertising agency. 

A sales-promotion department should know the customers and the 
trade thoroughly. In addition, it should be completely familiar with the 
products that are being manufactured. Through the head of sales, it 
knows the programs which have been laid down for a forthcoming period, 
and with all these factors in mind it constantly strives to promote the 
realization of the developed sales program. It gives the salesmen the 
home-office aid that is necessary when and where it is necessary, and in 
so doing it cooperates directly with the sales manager or whoever else is 
in direct charge of the salesmen. It maintains a stock of the various 
“dealers^ helps’^ which have been devised and distributes them to dealers 
in a way that will promote any particular campaign or program that 
has been determined upon. 

Planning sales effort. Sales planning, certain aspects of which have 
previously been discussed, must be extensively developed before a sales 
program can be drawn up. Some of the most effective planning, how- 
ever, must be done after the formulation of the program and in an at- 
tempt to carry it out. In laying plans to carry out one sales program, 
lessons are learned which are of material assistance in formulating suc- 
ceeding sales efforts. Planning for sales is predicated on the idea that the 
sales manager m'ust act strictly on facts, must carefully determine these 
facts, and must supervise his force in a way that will bring measured 
results from these facts. 

The details of the sales plan will be influenced by the decisions reached 
after due consideration of the factors discussed earlier in this chapter: 
(1) analysis of the nature of the product; (2) analysis of the market to 
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be reached: (3) distribution channels; (4) organization of the sales force; 
(5) price of article and credit terms. 

Salesmen tend to follow the line of least resistance rather than the 
one of greatest long-run profit to the organization. Some sales managers 
have detailed route lists prepared for each salesman, indicating what 
towns he is to visit and perhaps whom he is to see in each town. Much 
valuable information can be secured from the salesman himself in this 
connection, but he should be called upon to present adequate reasons 
why certain towns or possible customers should be omitted from the list. 
Salesmen easily fall into the habit of neglecting outlets which they do 
not happen tcrSke. Some means must therefore be provided of checking 
calls against route lists which have been provided for them. Some firms 
provide an exact schedule for their salesmen, detailing precisely what 
calls shall be made on tspecific days and demanding an adequate explana- 
tion of failure to make expected calls. One large house-to-house dis- 
tributor of food products boasts that it can tell just where any one of its 
sixteen hundred salesmen is at any time and not be in error greater than 
a distance that can be travelled in a half hour. Although it is frequently 
advisable to schedule the salesman's program much more in detail than 
was formerly the practice, he should be allowed considerable freedom 
to adjust this schedule as occasion demands. Errors usually arise be- 
cause of schedules b(dng controlled by a clerk who is not familiar with 
operating conditions in the field. Although a clerk may do the paper 
work even better than a sales manager or one of his major assistants, 
when questions of judgment arise, decisions should not be left to a clerk. 

Setting the sales quota. In order to make equitable the opportunities 
and compensation of the salesmen, territories must be clearly defined and 
studied. The quota itself, like any other task, should be fixed in such 
a manner as to be readily attainable; it should be based on careful study 
of the current situation, not on previous sales or any arbitrary increase 
over previous sales. Such a practice as an arbitrary increase merely 
penalizes the salesman who has consistently done well and throws out 
of balance the plans for total sales that are being laid. Although quotas 
must be fairly well worked out before the sales estimates are submitted 
for budget-making purposes, they will have to be revised after the adop- 
tion of the budget to insure that its schedules are attained. 

Quotas must be set with the basic factors within the territory in mind. 
Inaccessible population cannot be counted. Some knowledge of trade 
customs within the territory is involved in this question. With goods 
which are sold for household purposes such factors as the strength of 
mail-order houses must be taken into account, and the nature of trans- 
portation facilities must be considered. With products which are used 
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largely in trades or in manufacture, the usual channels of purchase must 
be thoroughly studied. The only population of value is that which may 
properly be expected to be in the market for the product. Thus, if quotas 
are being set on shirts retailing at $5.50, the available population is re- 
duced considerably under that which must be considered in setting quotas 
on shirts which sell for $3.50. Crude population statistics are, therefore, 
of little value in setting quotas, although they may be utilized as a point 
from which to start. The number of outlets must be determined. This 
may be the number of dealers or in some cases the number of direct users 
of a product. Thus the quota of a branch sales office of an automobile- 
accessory manufacturer located in Detroit will necessarily be higher than 
the quota of the Cleveland branch. The volume of prior sales must be 
given some consideration, as must the extent of competition within the 
particular territory. Paucity of potential buyers may run up the cost of 
sales to the point where it may be desirable to abandon certain terri- 
tories, such as the sparsely populated areas of Nevada. The relative 
advertising expenditures in comparison with those of competitors must 
be taken into account. Market conditions within a territory should affect 
the quota set for it. Thus crop failures in a farming community must 
affect the quota set for the community the next year for nearly all 
products. New sales efforts may affect all quotas equally, or they may 
affect some to a greater extent than others. If intensive advertising 
campaigns arc to be run in certain sections, the quotas for those sections 
must be advanced correspondingly, as the salesman and dealer aid from 
this source will be considerable. 

Analyzing the sales results. A careful analysis of the sales results is 
necessary in the evaluation of any scientific sales program. Territories 
which have proved to be unprofitable must be given up. Territories 
which cannot be adequately covered by one man or which might be bet- 
ter handled by another branch should be adjusted to fit ascertained 
conditions. Careful study of campaigns which have been previously 
planned will give satisfactory information for changes that affect subse- 
quent campaigns. A careful study of the monthly comparisons of actual 
sales against the sales budget frequently reveals errors in either the 
budget or the sales plan. The keeping of accurate sales records and 
careful planning in the light of organized experience distinguish the 
modem sales executive from the so-called ‘‘star salesman,*^ who is fre- 
quently strong in performance but weak in coordinating and directing the 
efforts of others. 

The sales manager is enabled, after he has established the control which 
has been outlined, to cooperate more intelligently with the production 
executives, to determine accurately his best salesmen and the best branches, 
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and to reward them accordingly. The sales manager is enabled to travel 
into difficult or highly competitive territory and to lend a helping hand to 
his salesmen. Special awards, bonuses, and contest/S for salesmen have 
real significance if sales have been previously planned. The sales man- 
ager will find that through these aids he will have the concerted effort of 
the whole sales force directed towards the fulfillment of the sales promises 
which have been made to the general management and the other operat- 
ing departments. 

Selecting, training, and maintaining the sales force. Sales managers 
are frequently hesitant to make complete use of the employment depart- 
ment, preferrifig to hire their own men. This attitude may be justified 
where the employment office is developed primarily to serve the factory 
personnel. In modern employment offices, however, there are well-trained 
men who are specialist^^in hiring office and sales workers, just as there are 
others who devote their time to employing mechanics. The qualifications 
desired in a salesman are determined largely by the particular sales task 
to be performed. Some products require technically trained men to sell 
them successfully. Certain types of experience have been found in other 
cases to provide a desirable background for selling special products. The 
man who has made a success of selling taps, dies, and abrasives has been 
found by hacksaw and file manufacturers to be a likely prospect as a 
salesman of their products. The factory and service departments fre- 
quently provide excellent men for the sales group. Such employees are 
already known to the management, are familiar with company policies, 
and require a shorter training period. The training program should be 
adjusted to the needs of the particular enterprise. The understudy sys- 
tem, after an intensive training period in the factory, is used extensively 
for travelling salesmen. In department stores the sponsor system is fre- 
quently used. Some organizations have regular sales courses through 
which they put all new salesmen. Another phase of the training program 
is the ^fin-service training.” This program is particularly difficult when 
salesmen are operating far from the home office. Under such conditions 
there are two basic problems. One is to keep the salesman informed re- 
garding the improvements in his product, and the other is to keep him 
enthusiastic concerning the policies of his company. Corre^ndence 
courses especially designed to acquaint the salesman with his products, 
special sales helps pointing out technical developments and new sales 
methods, and regional or home-office conferences are the common methods 
of training field salesmen. If the sales people are under one roof or 
within a given area, the sales conference is most successful, even though 
sales helps may be used. 
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A salesman must be selected for a particular territory with a view to 
the buyer resistance or acceptance within the territory. Polished sales- 
men may succeed in one place, whereas rough-and-ready salesmen will 
succeed in another. Although a really successful salesman appears to 
adapt himself to whatever conditions he meets, buyer resistance is re- 
duced by properly apportioning territories among the sales force. The 
enthusiasm of salesmen in attaining sales goals can be stimulated by 
methods of payment, as indicated in Chapter 25. If both a salary and 
commission are paid, the two methods must be balanced so as to be most 
effective. Commissions should be based partially on the success of the 
salesman in reaching quotas which have been established for him. In 
other words, compensation must be based on production, and production 
in turn must be determined in relation to a set task and quota. This task 
or quota may vary with the product, with the territory, or with the sales- 
man. 

A properly constructed plan of compensation is an aid in holding the 
new salesman and serves as a strong incentive for the experienced man. 
The most successful salesmen are highly individualistic and readily de- 
velop a partnership attitude toward their companies, particularly when 
their reward is directly related to their effort. 
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THE PURCHASING DEPARTMENT 

Functions of the purchasing department. The purchasing department 
specializes in material procurement, thereby relieving the operating de- 
partments of^e time-consuming task of locating a source of supply, 
securing quotations, placing orders, and following up deliveries. This 
specialization results in better long-range supplier relationships, more 
eflScient planning for afi even flow of material into the plant, more reliable 
records upon which to plan future purchases, and a closer coordination 
of procurement with the current phase of the business cycle. The direct 
economic contributions of the purchasing department are place utility 
and possession utility; however, these are closely related to time utility y 
since the materials must be on hand when needed. The major objectives 
of the purchasing department may be summarized as follows: 

1. To provide necessary materials, supplies, and services of the quality and kind 
required 

2. To provide these materials, supplies, and services for the enterprise so that they 
will be available when wanted. 

3. To secure these items at the lowest possible cost consistent with sound business 
practice and ethical procedure. 

4. To advise management regarding the possibilities of economies to be secured by 
manufacturing an item rather than purchasing it or, in other instances, by buying 
rather than manufacturing. 

To carry out these major objectives, the purchasing department is 
required to perform more detailed functions, as follows: 

1. To interview salesmen regardless of whether an immediate purchase is contem- 
plated, thus maintaining one of the important public contacts. 

2. To formulate specifications or at least to cooperate in their final determination. 

3. To secure quotations on the major purchases, compare these quotations, and 
place the order in keeping with the policies of the organization. 

4. To purchase directly all smaller items not requiring a quotation or bid. 

6. To formulate interdepartmental policies and to participate in the formulation 
of company policies pertaining to purchasing and public relations that influence pur- 
chasing. 

6. To inspect (or to see that inspection is carried out if it is performed by another 
department) all purchases for quality and count. 

7. To follow up all purchases to see that delivery is made when promised. 
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8. To approve all invoices for payment. 

9. To be on the alert for new developments cither in processes or in materials, 
and to call them to the attention of the major executives charged with the specific 
responsibilities involved. 

10. To maintain adequate records of sources of supply and the nature and relia- 
bility of each source. 

11. To study economic trends in the market for specific commodities as well as 
business in general. 

These functions are to be performed by any well-organized enterprise 
even though they may not all be centralized in the purchasing depart- 
ment. For example, the keeping of inventories at a minimum consistent 
with production requirements is a function of the purchasing department 
in many institutions, although this responsibility frequently is placed 
upon the stores department, the production-control department, or some 
other department. 

The location of the purchasing department in the organization. The 

importance of the purchasing department in factories manufacturing 
complicated products may depend on the degree of standardization. If 
the product is standard, the scope of the purchasing agent’s authority 
usually has been so limited by those who drew up the specifications that 
his task is fairly simple and, therefore, one that is subject to general 
manufacturing control. If the product is not standard, the purchasing 
agent usually must decide many matters concerning the purchase of 
material which would not come within his jurisdiction with a standard 
product. Hence his position within the organization will be correspond- 
ingly increased in authority and importance. Tables 27.1 and 27.2 show 
the location of the purchasing department in a substantial number of 
plants. 

TABLE 27.1 

Location of Purchasing Department (by Percentages) in Concerns with a 
Single Plant or Localized Plants * 




General 
or Plant 

Vice- 



Executive 


Size of 

Presi- 

Manager, 

Presi- 

Treas- 

Secre- 

Com- 

Comp- 

Organization 

dent 

etc. 

dent 

urer 

tary 

mittee 

troller 

Small 

38 

32 

17 

0 


3 

4 

Medium 

38 

27 

20 

12 

2 

1 


Large 

17 

50 

17 


16 



All reporting with 








single plant or 
local plants 

37 

30 

18 

9 

2 

2 

2 


* Courtesy, National Association of Purchasing Agents, Handbook of Purchasing 
Policies and Procedures^ New York, 1939, Vol. 1, p. 4. 
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TABLE 27.2 

Location of Purchasing Department (by Percentages) in Concerns with 

Scattered Plants * 


Size of 

Presi- 

General 
or Plant 
Manager, 

Vice- 

Presi- 

Treas- 

Secre- 

Execu- 

tive 

Com- 

Comp- 

Organization 

dent 

etc. 

dent 

urer 

tary 

mittee 

troller 

Small 

26 

37 

21 

10 


6 

, , 

Medium 

34 

21 

41 

1 


3 

. , 

Large 

50 

17 

25 



8 


All reporting 
scattered plants 

36 

23 

33 

3 

0 

5 

0 

All reporting 

37 

27 

25 

6 

1 

3 

1 


* Courtesy, National Association of Purchasing Agents, Handbook of Purchasing 
Policies and Procedures^ New York, 1939, Vol. 1, p. 4. 


It sometimes happens that the purchasing end of a business is directly 
subsidiary to the selling end, or at least they go hand in hand. Such a 
situation always exists in a manufacturing concern where there is a quick 
turnover of all raw material that is purchased, with only a slight manu- 
facturing process to be performed. This frequently occurs in markets 
which are highly organized, such as the cotton or flour market. In these 
cases and others, where ^^hedging^^ is carried on as a protection from loss, 
it is practically essential that the sales and purchasing phases of the 
business be under the same direct control. Of course, this does not apply 
to the purchasing of supplies. An example of such a situation is to be 
found in the business of mercerizing cotton yarns, where the yarns are 
frequently bought and sold within a few minutes^ time, and the mercer- 
izing process, which is all that is performed by the plant, adds but little 
to the value of the product. 

There are many other types of businesses in which the manufacturing 
operations are more involved and relatively more important, but in which 
the position of the purchasing department is of maximum importance. 
Such businesses include most of the needle trades which purchase ex- 
pensive fabrics, such as the men^s clothing industry. In such business 
a very large share of the profit made during the year is derived from 
purchases at the right time or of exactly the right materials. Thus the 
cost of the material purchased is an important consideration in the au- 
thority granted the department. 

Decisions must be continually made whether to buy or make a certain 
part. The answer in any given case is likely to be influenced by the state 
of the market at the time and the manufacturing conditions in the shop, 
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both in regard to the need for the product and the possibility of putting 
it through production and in regard to the desire to build up outside 
sources of supply to fill future needs. General executives sometimes feel 
that they are the only ones who can decide such questions. If the pur- 
chasing agent is competent and if a committee organization with a main 
factory committee is provided, such matters form an excellent subject 
for decision by these persons. The purchasing agent can be advised 
under such circumstances by the factory and design representatives who 
may be present. 

In the main in a modem organization the purchasing agent works 
toward the quality specified by the engineering or design department 
and the quantity specified by the production or planning organization. 
Most purchases will originate through che inventory control that is main- 
tained at the balance-of-stores desk, and this control will usually be 
exercised from the planning department. Regardless of the position of 
the purchasing department in the factory, some means should always be 
provided for keeping the head of that department closely in touch with all 
conditions that may influence the course of his daily task, at least in the 
immediate future. 

Organization of the purchasing department. The specific organization 
of a given purchasing department depends largely upon the detailed func- 
tions of the department. 

In this phase of organization, as in many others, the relative strength 
of individuals frequently influences the organizational structure. All too 
often a strong master mechanic buys not only his machinery but the 
supplies as well. There is good reason for him to specify certain qualities 
desired or even specific products, but there is little justification for his 
spending valuable time purchasing materials the specifications of which 
have already been determined. This does not mean that he should never 
see salesmen with new products unfamiliar to him. Sound purchasing 
practice will bring the master mechanic into all decisions involving tech- 
nical matters concerning which he is particularly qualified. To have 
purchasing carried on by every man who has a special interest, however, 
violates the fundamental principle of functionalization. Purchasing by 
department heads usually results in payment of a higher price than is 
necessary and frequently is conducive to the placing of orders more on 
the basis of personal likes and dislikes than on the merits of competing 
products. Such practices may readily lead to direct or indirect bribery. 
Centralizing purchasing in the purchasing department will not eliminate 
the temptation to accept bribes, but it reduces the number of places in 
which this practice is possible. Purchasing involves much clerical detail 
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that is usually distasteful to most department heads, who tend to neglect 
it when they do the purchasing. 

The internal organization of the purchasing department is greatly in- 
fluenced by the size of the enterprise and the nature of the items bought. 
At the head of the purchasing department is usually a purchasing agent. 
He may answer to the president or, in larger organizations, to a purchas- 
ing committee. His title may be vice-president in charge of purchasing, 
director of purchases, purchasing agent, or something similar. In medium- 
sized organizations the purchasing officer may occupy the same high 
position that he holds in the larger organizations; however, he more 
frequently refprts to the general manager. As organizations decrease in 
size, the purchasing department tends to be placed in a relatively less 
important position. It is not infrequent in the smaller organizations to 
combine purchasing ajftd stores keeping. In smaller organizations there 
will usually be only one buyer, who may divide his time with some other 
duty. As the duties expand with increasing size of organization, more 
people are needed in the purchasing department. In the larger purchas- 
ing departments a high degree of functionalization takes place. Such 
organizations usually have a purchasing agent, assistant purchasing agent, 
buyers, file and record clerks, stenographers and typists, traffic division, 
follow-up division, and materials engineer, in accordance with the size 
and magnitude of the work performed. Where the volume justifies spe- 
cialization, one buyer will purchase certain materials, and another buyer 
something else. There may be separate buyers for coal, lumber, steel, 
small tools and supplies, rubber, chemicals, and other items. The pur- 
chasing department is a functional department itself but usually is 
organized on a line and staff basis within the department. 

Figures 27.1 and 27.2 illustrate two general types of purchasing organ- 
izations. In Fig. 27.1 receiving, stores, salvage, and inspection of in- 
coming material come under the purchasing department. In Fig. 27.2 
the purchasing agent directs only the buying and the clerical details 
pertaining to the buying. Inspection, receiving, stores keeping, and 
similar activities are handled by the operating departments. The author 
knows of one large metal-working company having six plants that has 
production control under the purchasing department in addition to the 
divisions shown in Fig. 27.1. This set-up is unusual, but it is purely a 
manifestation of the influence of personalities. In this company the 
purchasing agent is a vice president. 

Table 27.3. shows the distribution of the source of requisitions. It 
will be observed that the purchasing agent initiates very few requisitions. 
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Fig. 27.1. Organization chart of purchasing department. 



Fig. 275. Organization chart of the purchasing department of a glassware manufac- 
turer. 
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TABLE 27.3 

SOUBCB (by PBRCENTAaBS) OP INITIATION OP PURCHASE REQUISITIONS * 


Size of 

Depart- 

ment 

Store- 

Produc- 

tion 

Depart- 

Superin- 

Execu- 

Pur- 

chasing 

Organization 

Heads 

room 

ment 

tendent 

tive 

Agent 

Small 

66 


17 

17 



Medium 

56 

21 

9 

8 

5 

1 

Large 

64 

23 

8 

2 

2 

1 

All reporting 

62 

21 

9 

4 

3 

1 


* Courtesy, National Association of Purchasing Agents, Handbook of Purchasing 
Policies and Procedures^ New York, 1939, Vol. 2, p. 4. 

Centralized versus decentralized purchasing. In large companies hav- 
ing plants in different locations the question of central buying versus 
local buying must be settled. This same situation within a given plant 
has been discussed under Organization of the Purchasing Department. 
The phrase popularized by the General Motors Corporation, ‘‘decentral- 
ized responsibility with coordinated controV^ sheds some light upon the 
philosophy of this company in solving this organizational problem. It is 
the policy of General Motors to buy centrally those major items which 
can best be purchased by the parent organization. When these items 
are not centrally purchased, they usually are bought by the main pur- 
chasing unit of the divisions. Many of the divisions have two or more 
plants, and the less important items ^equently are purchased by the 
local plant when this is advantageous.’ The same situation is found in 
the big rubber companies. For instance, it would be absurd for each of 
the plants of the United States Rubber Company to buy its crude rubber 
independently. Similarly, to buy compounding ingredients and fabric 
independently would most certainly involve inventories in excess of need, 
and the prices paid by each unit would tend io be greater than the price 
paid by the central purchasing department..^ A higher degree of special- 
ization in purchasing is possible when buying is done centrally than when 
many different buyers are purchasing the same item in many locations. 
Central purchasing also facilitates the transfer of excess stocks of a 
material from one plant to another. Better financial control is exercised 
when the major items are purchased centrally. Coordination may be 
maintained by having the central purchasing department prescribe the 
general routine and procedures but permit the local unit to exercise dis- 
cretion in purely local matters. Where necessary or advantageous, all 
bills may be sent to the central purchasing department, where they are 
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checked and approved for payment by a central agency. This practice 
frequently involves extra clerical work and expense. No fixed rule for 
satisfactory purchasing is applicable to all organizations. Purchasing, 
like other functions of a business enterprise, must remain flexible in order 
to meet changing conditions. 

Authority of the purchasing department. Authority usually develops 
out of the place of the purchasing department in the organization; or 
reciprocally, the authority of the purchasing department influences the 
position assigned to it in the organization. The authority of the purchas- 
ing department over finances must be limited. This department should 
be operated on some sort of budget system, whether or not this system 
has been adopted for the company as a whole. To require that all pur- 
chases be approved by the financial management of the concern too 
seriously limits the operation of the purchasing department, but to allow 
this department to purchase regardless of the condition of the finances 
is manifestly impossible. The most effective means of controlling the 
financial end of purchasing is through the operation of a general budget. 
However, if there is no general budget, very effective purchasing budgets 
may be set up which will prevent inventories from mounting through 
improper purchasing operations or through mistakes in running balance- 
of-stores sheets. 

Sometimes, if a product is standard, the purchasing department is 
allowed to buy on the basis of the normal consumption for a given period, 
for instance, three months. After this point further purchases can be 
made only on an allotment of additional funds from the financial depart- 
ment. In unstandardized lines, the purchasing department is given a 
budget of so many dollars per month, from which it can buy any and 
every type of material up to the total of moneys so allotted. After the 
department has reached this point, it must seek further authorization 
before buying more. Either of these budget methods forces the purchas- 
ing agent to keep very close watch on his finances so that he will be able 
to purchase necessary items toward the end of his budget period. 

Purchasing policies. Policy determination is the function of the major 
executives. An active purchasing agent should participate in the formu- 
lation of purchasing policies and may initiate many of them. Such deci- 
sions as whether to operate on a purchasing budget, to buy or to manu- 
facture a given article, to engage in speculative purchasing or hand-to- 
mouth buying, or to substitute one material for another involve other 
departments and cannot safely be made except through the cooperative 
effort of the major executives concerned. Certain other matters, such 
as whether to ask for competitive bids, to place the order with the lowest 
bidder, or to divide a large order even though one supplier may be able 
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to fill it, involve borderline decisions and may or may not be left to 
the discretion of the purchasing department. A properly organized de- 
partment, however, may well make these decisions. The internal organ- 
ization of the purchasing department, in keeping with the organization 
structure of the enterprise as a whole, may well be left to the department 
head. 

Reciprocal purchasing is one of the most annoying practices encountered 
by an efficient purchasing agent. Reciprocal buying refers to the prac- 
tice of buying a given product because the vendor also buys the product 
made by the purchasing agent’s firm. It is the old political game of 
'^You scratch^^y back and I’ll scratch yours” and is completely ob- 
noxious to the capable purchasing agent. During periods of prosperity 
reciprocal buying recedes into the background. When sales are hard to 
make, pressure is frequently exerted to get the purchasing agent to ^^re- 
member that we are one of your best customers.” There is of course no 
criticism of the purchase of a product from a customer when his price 
is right and his product is the one desired. Under these circumstances 
the purchase would be made even though the vendor were not a customer. 
This is straight purchasing on merit and is not classified as reciprocal 
purchasing. 

Hand-to-mouth buying. Hand-to-mouth buying came into favor after 
the depression of 1920. In reality it is a method of guarding against being 
caught with large inventories on a declining market. It is sound eco- 
nomics when not carried to the extreme. The practice has both social 
and economic advantages and disadvantages. Some of the advantages 
claimed by the advocates of hand-to-mouth buying are as follows: 

1. Hand-to-mouth buying reduces the inventory of materials on hand and releases 
the capital that would be tied up for other productive purposes. 

2. Storage facilities, storage costs, and handling costs are reduced when deliveries 
are timed so that the material may go directly to production. (One purchasing agent 
for an automobile manufacturer boasted that his materials came in the receiving 
door and did not stop until they came off the assembly line as part of the finished car.) 

3. The budgetary requirements of production are. more easily synchronized with 
purchasing. 

4. The buyer and the seller have more frequent contacts and thus are enabled to 
work more closely together to the mutual advantage of both. 

5. Losses arising from a decline in price are minimized by the buyer. (On the other 
hand, he may pay a higher price for his annual consumption during a period of rising 
prices.) 

6. The buyer is in a position to take advantage of any favorable situation arising 
in the current market. 

7. The buying organization is in a more flexible situation in that it may make 
changes in the design and nature of its product or adopt new or substitute materials 
more readily. 
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8. Hand-to-mouth buying should tend to level out production, since the producers 
have a better check on requirements than when the consumers buy in quantities and 
store a large part of their requirements. (This claim is true only in part, depending 
somewhat on the product. Since the practice has been adopted by the householder 
in buying coal, it has tended to increase the seasonal fluctuation because the pro- 
ducer cannot store his coal in the summer, nor can the coal yards absorb all the 
storage.) 

A few of the many disadvantages of hand-to-mouth buying are as 
follows: 

1. The producers are required to keep larger inventories, since the buyers rely upon 
the producers to carry the reserve inventories for them. (The grand total social or 
economic inventories are less, but the producer’s inventories are greater.) 

2. Unit purchasing costs on the hand-to-mouth basis are higher because of the 
failure to take advantage of quantity discounts. 

3. Distribution costs are higher because of : (a) a larger number of sales to accom- 
plish the same results — the actual cost of making a large sale is very little, if any, 
greater than for a small one ; and (b) increased packaging cost, order-filling cost, and 
transportation cost when in less-than-carload lots. 

4. In some instances seasonal peaks and valleys are increased. 

5. The buying public, the individual consuming citizens, do not usually get as good 
service when the manufacturer of the original articles carries the inventories, espe- 
cially when the retailers also buy on a hand-to-mouth basis. Often the manufacturer 
cannot take care of sudden increases in demand, for his inventories are not large 
enough to absorb this increase. Where buying for stock is more general, the grand 
total inventory in existence is greater, and consumer demand can be met more 
readily. 

A compromise between hand-to-mouth buying and buying for stock 
seems to be more desirable than either practice to the exclusion of the 
other. Maximum and minimum stock-ordering points may be increased 
during periods of rising demand and lowered during periods of relatively 
slow or decreasing demand. This statement does not imply speculative 
buying. When a budget is being used, an anticipated requirement for 
three months may reasonably be determined. The full amount may not 
be bought at once, but purchases will certainly not approach the hand- 
to-mouth basis. Larger orders may be placed with provisions for price 
adjustment in case of a decline and shipping instructions to be issued as 
required. Such a procedure has advantages for both buyer and seller in 
the long run. 

Methods of buying. There have been various classifications of the 
different methods of buying. Alford lists the following seven methods of 
purchasing: 

1. Purchasing strictly by requirement. 

2. Purchasing for a specified future period, 

3. Market purchasing. 
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4. Speculative purchasing. 

5. Contract purchasing. 

6. Group purchasing of small items. 

7. Scheduled purchasing.^ 

To purchase by requirement is to purchase only when needed and in 
quantities needed. Such goods as are purchased by requirement are usu- 
ally not purchased regularly but are bought to meet a specific emergency 
need. The outstanding function of the purchasing department in this 
type of buying is to know the resources of reliable firms. 

Supplies are often bought for specified future periods. These items 
are standardijj^d products that are bought regularly but in relatively 
small quantities. The period covered by such purchasing is not fixed 
even for the same general class of materials. Operating conditions, quan- 
tities required, and the same basic factors that influence other types of 
purchasing are controlling. 

Market purchasing seeks to take advantage of price fluctuations. It 
involves careful study of general market trends and the purchase of 
materials that are required in the light of reasonable market expectations. 
Utilities and manufacturing enterprises that can predict their require- 
ments with reasonable certainty may safely engage in market purchasing 
and still not be directly involved in speculative purchasing. Raw mate- 
rials such as rubber, coal, coke, and pig iron are frequently purchased on 
this basis. Market purchasing is definitely associated with planned pro- 
duction schedules, whereas speculative purchasing gives less attention to 
production requirements and is based largely upon expected changes in 
the market price. 

Speculative purchasing is engaged in extensively by manufacturers or 
users of cotton cloth and also in recent years by users of silver. It is not 
unusual to have the major profit arise from speculative buying. The 
corollary, of course, is that production operations may be efficient, yet 
losses may be sustained because of errors in judgment in speculative pur- 
chasing. A major executive usually directs speculative buying. In 
reality speculative buying is a business within itself and may saddle 
production with costs that the producing group has no method of meet- 
ing. Obsolescence, demand for excess storage space and handling, and 
uncertainty as to available material when needed are among the problems 
that the manufacturing group must contend with when speculative buy- 
ing is the practice. 

Contract purchasingj as the name implies, is the purchasing under 
contract, usually formal, of needed materials, the delivery of which is 

1 L. P. Alford, Cost and Production Handbook, Ronald Press Company, New York, 
1937, p. 360. 
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frequently spread over a period of time. Under circumstances when 
prices are uncertain, such as during 1933 and 1946, coal has been pur- 
chased on this basis with a variable price per ton, depending upon the 
wage paid the miners, inserted in the contract. Such provisions are not 
usually included in such contracts, however, because they defeat one of 
the major advantages from the buyer’s standpoint, namely, taking advan- 
tage of low market prices to contract for requirements for a specified 
period. 

Group purchasing seeks to take advantage of the savings that nat- 
urally accrue through placing one order for a number of small items 
rather than placing a large number of small orders. Group purchasing 
reduces the cost to the buyer by eliminating much clerical work and also 
saves the vendor a great deal of clerical detail and delivery costs. The 
balance-of-stores clerk or other person placing requisitions with the pur- 
chasing department can be of real service in grouping these requisitions. 
The purchasing department should re-examine group purchases from time 
to time to make certain that particular items should be included. Failure 
to make such a check constitutes a real danger in group purchasing. 

Scheduled purchasing is closely related to carefully controlled produc- 
tion. It extends to the vendors some of the advantages of production 
control within the plant and thus enables them to plan their production 
and control their quality more effectively. Scheduled purchasing tends 
to reduce the inventories carried by the buyer and permit^ the vendor 
to control his inventories more closely, since he is not placed in the posi- 
tion of having to meet unexpected demands. Scheduled buying requires 
good faith and active cooperation on the part of both buyer and seller. 
On the other hand, scheduled purchasing tends to promote this good faith. 

Purchasing specifications. The requirements of the design or engineer- 
ing department must govern the quality of materials or parts, and yet 
the specifications must be in accordance with trade practice and trade 
terms. Specifications are most essential, if the product is to be standard 
and if bids are to be asked for and compared. Much of the secret of 
good purchasing lies in drawing good specifications which vendors must 
meet. This practice is a real money-saver, because it prevents a concern 
from paying for a brand or trademark name which has been built up at 
high advertising cost, when the same article can be purchased elsewhere 
at less cost. In addition, purchases may be made on a level of quality 
which is just good enough but not too good for the purpose at hand. 
Purchasing on specification is not particularly popular with vendors who 
include in their regular selling price the cost of establishing their trade- 
mark, but all companies, no matter how small, can use it. The only 
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requirements are care in setting the specifications and in inspecting goods 
upon arrival. 

At times specifications may well be modified to fit the goods available. 
Thus slight and unimportant modifications of specifications may bring 
considerable reductions in quoted prices because the revised specifications 
will fall within the standard output of one or more of the vendors. Some- 
times specifications are determined not by the buyer or by the vendor, 
but by the market. This is particularly true with those commodities 
which are subject to wide quotation, such as raw cotton, staple cotton 
yarns and cloth, and lumber. In such cases the purchasing department 
can only determine the grade to be bought and then see that the com- 
modity as delivered falls within the market regulations for the grade 
ordered. 

In some organization's the engineering department determines specifi- 
cations. Even in this type of organization the purchasing department 
has an interest in the specifications and frequently makes suggestions 
that result in large savings in purchasing. It is apparent that under such 
circumstances the purchasing agent must have a good technical back- 
ground. 

Selecting the sources of supply. The successful purchasing agent 
strives to maintain friendly contacts with a number of suppliers. Invit- 
ing competition is the surest way of securing the best possible prices. 
The doer of the purchasing agenUs office should be open to any salesman 
who desires to see him. To give the impression that only a few favored 
salesmen are welcome is to stifle competition and ultimately bring high 
prices. Salesmen trained in their product should have ideas which are 
valuable to the purchasing agent and to the concern which he represents. 
To win the favor of as many vendors^ representatives as possible is to 
have these men working for the interests of the plant also. 

In this way the purchasing agent should be in constant touch with 
the newer developments of the trade. He can be of invaluable aid to his 
company, particularly the engineering or design department, through not 
only his judicious placing of orders but also his knowledge of trade con- 
ditions. 

Initiating the purchasing requisition. Figure 5.2, p. 63, illustrates the 
path of a purchase requisition in a manufacturing company. For record 
purposes regular materials used in production are usually under the con- 
trol of a balance-in-stores ledger clerk. The functions of this individual 
are strictly clerical and not policy-determining. He operates within cer- 
tain carefully prescribed limits. If minimum ordering points have been 
determined and maximum ordering quantities fixed, this clerk fills out 
a requisition when the ordering point is reached. This requisition may 
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be sent to the superintendent, general manager, or production-control de- 
partment, or directly to the purchasing department, depending upon the 
procedure previously determined and the department supervising the 
balance-in-stores ledger clerk. For maintenance supplies the order may 
originate with the maintenance department if these materials are not 
under the control of the balance-in-stores clerk. For engineering or 
technical materials the order usually originates in the engineering depart- 
ment. If central purchasing is practiced, these orders are sent to the 
purchasing department regardless of the person taking the initiative in 
starting the order. It is not at all unusual for the purchasing department 
to have to ask for additional information from the department requesting 
the material even though the order may have originally been filled out 
by a technical expert. A common oversight of this type is for the main- 
tenance department to fail to give the serial number of a machine for 
which it is ordering replacement parts. 

Securing quotations or bids. For certain standard items purchased in 
large quantities or other items purchased according to specifications it 
is often advantageous to secure quotations, and securing these quotations 
is primarily a function of the purchasing department. The purchasing 
department sends to a selected list of suppliers a request for a quotation 
for the specific articles or materials, giving detailed information or speci- 
fications, the quantities desired, the delivery schedule expected, and prac- 
tically all the other information found on the regular purchase order. 
A special form that cannot easily be misinterpreted for an order is gen- 
erally used for requesting quotations. When the quotations are received 
and prices compared, the order is usually given to the lowest bidder who 
can meet the requirements laid down. When the purchasing department 
is functioning properly, the order usually will go to the lowest bidder, 
since the department will not request a bid from an unreliable supplier. 
A matter of business ethics is involved in the handling of quotations. 
Under no circumstances should a competing vendor be permitted to see 
the quotation of another and then revise his quotation to underbid him. 
A buyer who follows such practices is sooner or later found out and pays 
a heavy price for his unfairness. 

Placing the order. Whether the item is large or small, it should be 
purchased by using a purchase order (see Fig. 27.3). This order will 
serve for record purposes if nothing else. Such items as a single bolt 
may be bought out of petty cash, but these tiny purchases are relatively 
infrequent in an industrial enterprise. The purchase order is usually 
made out with two or more copies, the exact number depending upon the 
needs of the organization. Some of the uses for various copies are as 
follows: 



382 


THE PURCHASING DEPARTMENT 


Ch. 27 


In writing w> plnot* thpw 
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A. B. DICK COMPANY 
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ORDER NUMBER 

No. 000500 

must appear on all 

INVOICES, packages. 

SHIPPING MEMO-PANDA 
ond CORRESPONOINCI 


Oof. 1/10/lfit 
1 


Perfect Purchase Order Company 
720 West Jackson Blvd. 

Chicago, Illinois 


F.o.B. Chicago, 111, Ship Via Interstate Motor Freight System 
T.rm. Net 50 days 

Items requested hereon must be delivered to our plant ol 719 West Quincy Street as ft 



o 
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To conform to complete specificai shown 

on drawing attached. 
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A. B. DICK COMPANY 


rwchadag Aaaid 


If above items cannot be delivered to 
our plant within three days, the 
attached order acceptance form must 
be executed and returned immediotely. 


Aluminum Rod 
Bar & Wire & 
Cable 
530 lbs. 

100 lbs. 


A. B. DICK COMPANY 


r..(Soun, Ae..u 


Fig. 27,3. A sample purchase order. 
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1. Original or vendor’s copy is sent to the vendor. 

2. A copy is kept in the purchasing department and filed numerically by the order 
number for ready reference. 

3. A copy is sent to the receiving department as a notification to be on the lookout 
for the material. 

4. A copy is sent to the department initiating the order. 

5. A copy is sent to the accounting department. 

6. A copy is sent to the follow-up clerk or division of the purchasing department. 

7. A copy is sent to the inspection department. 

Few organizations use all seven copies, but nearly all of them, except 
the very small ones, use at least two or more, frequently three. 

The purchase order is a very important document and should be so 
drawn that misunderstandings are not likely to arise. It should include 
the following details in addition to the firm^s name and the date: 

1. Purchase order number to be used by the vendor in billing and shipping the 
material. 

2. Quantity of material ordered, expressed in terms commonly used for this pur- 
pose. 

3. Description of the material ordered in detail so that there can be no chance of 
error. This description should be in terms of standard specifications where possible. 

4. Delivery date requested. 

5. Detailed shipping instructions: the place to be shipped to, the method of ship- 
ment when there is a definite preference, kind of packaging, etc. If these items are 
omitted, the vendor will follow his own interests, which may not be in keeping with 
the desires of the purchaser. 

6. Billing instructions. 

7. Price, when an agreed price has been established. 

8. Terms, when these have been agreed upon. 

9. Any other item of importance, such as protection against damages arising from 
patent infringements. 

Figure 27.4 illustrates the routing of a purchase order in a manufactur- 
ing company. It should not be inferred that all companies use the same 
procedure. Frequently the methods or procedure department may in- 
crease the eflSciency of the purchasing procedure by making a careful 
analysis of the current practice. 

In placing orders it is essential that the purchasing agent know the 
general market level of prices, as well as the prices which he is being 
asked for particular materials. This information will enable him to 
appraise the quotations which he receives. He must also have a thorough 
knowledge of discounts and datings current in the trade at the time. 
Frequently, although reductions from list prices cannot be secured, the 
same effect may be gained by an increase in the discount for cash. Par- 
ticularly in times of tight money, alert purchasing agents can reduce the 
cost of purchases materially by this means. In order to know when to 



384 


THE PURCHASING DEPARTMENT 


Ch. 27 


place orders, the purchasing agent must have a background knowledge 
of general business conditions. If he is not to fear quickly rising or 
quickly falling markets, he must study trade reports and general reports 
of business conditions; these are readily available. 

The purchasing agent wdio gives the vendor the most consideration on 
delivery dates will secure the most favors in the long run. Some pur- 

PURCHASING DEPARTMENT FLOW CHART 



FACTORY PRODUCTION 

ORDER 

FOLLOW UP 

Courtesy, National Association of Purchasing Agents, ‘‘Handbook of Pur- 
chasing Policies and Procedures/' New York, 1939, Vol. JI, page 3^ 

Fig. 27.4. Routing of purchase orders in a manufacturing company. 

chasing departments have built up reputations for always putting the 
word ^^Rush^^ on orders. If records of stores are properly maintained, 
there will usually be no reason for asking vendors to rush most of their 
orders, and proper delivery dates can readily be set. 

Some general managers keep careful watch over the relations of pur- 
chasing agents and vendors, for the reason that the purchasing agent 
represents the company before a large portion of the business world, and 
that the impression which the trade will get of the company and its 
policies will be determined largely by the actions of the purchasing agent. 
Some companies will not allow the purchasing department to let contracts 
to anyone but the lowest bidder without first consulting some designated 
member of the general management. 

Follow-up, receiving, and inspection. The exact nature of the fol- 
low-up depends largely upon circumstances. Often a telephone call is 









Ch. 27 


PURCHASING RECORDS 


385 


sufficient. Again, the situation may require a more detailed report by 
letter or an inspection trip through the supplier's plant. When traffic 
jams occur at central rail-distributing yards such as those in Toledo, 
Ohio, and Russel, Kentucky, the follow-up man may have to go out in 
the yards, locate the car having his material in it, and bring pressure to 
bear upon the yard master to move the car. In other words, a good 
follow-up man must be versatile and must be prepared to do anything 
reasonable to get his purchases delivered on time to meet production 
needs. 

Receiving may or may not be under the direct control of the purchasing 
department. It is essential that the receiving department notify the pur- 
chasing department of the receipt of all purchases, as well as the count 
and the condition of the material whan received. If there is a separate 
inspection section for the receiving department, this division reports on 
the quality of the goods received and at times on the count. Either the 
receiving or the inspection department must notify the purchasing depart- 
ment regarding the count and the condition of material received so that 
the purchasing department can approve the invoice for payment. The 
copy of the purchase order sent to the receiving department may be 
returned to the purchasing department with the correct count and the 
condition of material noted on it, or this same information may be given 
the purchasing department on a special inspection or receiving report. 

Purchasing records. Records of past transactions, as well as of current 
ones, are vital to intelligent purchasing. In almost no other place in 
management are records of what has previously happened more vital. 
Information files, with complete and detailed data concerning materials 
and vendors, are the very backbone of the purchasing department. 

One of the more important types of information which should be readily 
accessible is a list of manufacturers, dealers, or jobbers who are in a 
position to supply the articles which are regularly used or who may be 
considered prospective bidders on any special commodities which may be 
required from time to time. All such information should be complete 
to be of maximum value. It should include the location of the plant 
and the sales offices, the names of the persons to be dealt with, the freight 
rates, any necessary remarks concerning the freight situation between 
the point of shipment and the plant, such as congested junction points 
which may delay the shipment, and a notation of whether the concern 
is in a position to fill orders from stock or must manufacture them to 
order. Other items of interest on these firm record cards should be facts 
regarding the manufacturing capacity or usual supplying capacity of 
the firm and the maximum size of the orders that they can handle. 
Catalogues may be arranged by cross reference to this list. 
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A quotation file which will have readily available past quotations by 
both successful and unsuccessful bidders should be maintained. Such a 
file will ordinarily be composed of the returned “request for quotations,” 
which have been sent out originally by the purchasing department, and 
will be valuable in checking over any new quotations which may be 
received, in settling disputes concerning reasons for granting previous 
orders to other bidders, and in providing a general bird^s-eye view of 
the policy of the purchasing department with reference to the concerns 
which are invited to bid. This quotation file gives the complete history 
of all orders on which bids have been requested before the actual filing 
of any of the^, orders. The next group of records, the actual purchase 
records, may duplicate some of this information, but this duplication will 
not be harmful, inasmuch as when the information is wanted it will be 
most easily found as a, quotation or as a purchase order, depending on 
the need at that particular time. 

Purchase records are usually maintained in three ways in most effec- 
tively run departments, namely, by firm name, by articles, and by pur- 
chase orders. The purchase records by firms include a sort of account 
for each firm with whom business is carried on. This record is used to 
check over receipts and invoices, as well as serving as a record on which 
to base the issuance of future business. In maintaining this record of 
purchases by firms it is most essential that all discounts and datings be 
carefully noted, as these will serve as a check when purchases are next 
made from the company in question and are quite as important as the 
quoted sales prices. 

Purchase records by articles are useful in showing the trends of prices 
and in discovering whether bids that are received are high or low, par- 
ticularly on commodities and articles for which there is usually no stated 
“market.” One error which is frequently encountered in this type of 
record and which must be guarded against is the placing of dissimilar 
commodities on the same card because of the incomplete description which 
is on the card or on the purchase order. This is just one more reason 
for making purchase orders extremely explicit. Slight differences in the 
article ordered may make the record of purchase by articles show fluctua- 
tions which are not at all justified. 

Purchase records are usually maintained in all purchasing departments 
by purchase order number, if in no other way. All shipments must 
ordinarily be marked with the purchase order number, and incoming 
goods are checked against the purchase order by the purchasing depart- 
ment before it approves the invoice and sends it to the accounting depart- 
ment for payment. This type of purchase record usually consists of a 
ret^iined copy of the purchase order, a copy which ordinarily has spaces 
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for office records not appearing on the original of the order that goes to 
the vendor. Such notations include, ‘^approved for payment,” “expense 
distribution,” “partial receipt.” 

Another type of record which greatly increases the effectiveness of the 
operation of the purchasing department is the tickler follow-up of orders 
outstanding. This consists merely of a file, wherein special copies of the 
orders or separate slips bearing the order number are placed, to be called 
to the attention of the designated person at a stated date after the papers 
are placed in the file. By calling orders to the attention of a member of 
the purchasing staff at certain periods before the material is actually 
needed in the factory, it is possible to make certain that the material 
will be on hand when wanted, or at least that extra effort may be made by 
the purchasing department to secure it by the proper time. 



CHAPTER 28 


CONTROL THROUGH THE USE OF THE BUDGET 


Historical background of the budget. In this country budgets were 
first extensi'^y used in connection with local governmental bodies. 
Later their use spread to counties, states, and eventually in 1921 to the 
federal government. It was simple for the governmental bodies to adopt 
budgets because the ihcome could be estimated fairly accurately. The 
application of the budget amounted largely to a parcelling-out of the 
estimated receipts among the various agencies. 

Because of the difficulty of estimating the income of business concerns, 
not very extensive use was made of budgets until the publication of a 
book by J. 0. McKinsey in 1922. Once the application and practicality 
of budgets were demonstrated, great numbers of industrialists were won 
over to their use. 

Early budgeting applied principally to expense, but it was soon ex- 
pandea to cover sales, production, plant additions and changes, and 
revenue. The success of the firms which applied it correctly encouraged 
others to try it, and soon budgeting had undergone an amazing develop- 
ment in business. 

The nature of a budget. Most authorities agree that the function of a 
major executive is to plan, organize, and control. Control is the prime 
objective of budgeting. Control over the operation of a particular de- 
partment of a business is difficult to maintain unless it is associated with 
a corresponding control over departments with which it must work in the 
drive toward business progress. A device for providing this control is 
the business budget, which has been variously described as: 


1. A method of rationalization whereby — 


(Budget) 


estimates covering different periods of time are by the study of 
statistical records and analytical research of all kinds, estab- 
lished for all and everything affecting the life of a business 
concern which it is possible to express in figures. 
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(Control) 


These established standards are constantly revised and checked 
for the periods determined in the light of actual achievement, 
with the double purpose of correcting the estimates, and of 
initiating the investigation and correction of causes of dis- 
crepancies.^ 


2. An instrument tending to promote cooperation, coordination, and control. 

3. . . . the word budget will be used to mean a particular form in which a 
sales forecast and plan of management may be expressed that will facilitate 
their use in management. The term budgetary control will be used to mean the 
way in which such a budget is used to organize, coordinate, and stimulate the 
activities of executives, and to control income and expense.* 

The administrative budget provides the necessary means of supplying 
the coordination between departmental plans. The budget concept in busi- 
ness implies the idea of planning ahead, forecasting tomorrow, and co- 
ordinating plans so that the business will operate as a unified whole. 
Business foresight is largely hindsight, and thus administrative budgets 
must be developed not only by means of forecasts of business conditions 
as they affect the particular enterprise but also on the basis of past his- 
tory, carefully interpreted. The form of a business budget, its complexity 
or simplicity, is determined largely by the purpose the budget is meant 
to serve and by the nature and type of the organization using it. Busi- 
ness budgets are much more difficult of formation than are governmental 
budgets, since income and expenditures cannot be separated. Unlike 
budgeting for governmental work, a reduction of expenditures in a busi- 
ness may lower the revenues directly. A reduction of an advertising 
expenditure may decrease the sales and hence the income, and the reduc- 
tion of a manufacturing expenditure may directly affect production and 
hence the source from which income is derived. 

Objectives of a business budget. Budgets provide for a careful item- 
by-item consideration of divisional and departmental programs. They 
become a check on unjustified optimism or pessimism of departmental 
heads. Not only does the budget make possible the development of de- 
partmental programs, but it is a means of curtailing overexpenditures in 
departments. Preconsideration of items of expenditure makes possible 
the recognition of leaks, both at the time the budget is being considered 
and during the period of operations that it^ covers. If expenditures for 

1 National Industrial Conference Board, “Budgetary Control in Manufacturing In- 
dustry,” p. 11, quoting from an editorial in the Bulletin oj the International Manage^ 
ment Institute , July, 1930, Geneva. 

2 John H. Williams, The Flexible Budget, McGraw-Hill Book Company, New York, 
1934, p. 4. 
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plant enlargement are subjected to a careful survey of their purposes and 
their justification, with a realization of what they will mean in terms 
of expansion of sales and production, it is very likely that hasty enlarge- 
ment plans will be eliminated, and assets retained to carry on activities 
for which they are already needed. Bankers are steadily and increasingly 
demanding more knowledge of operations and programs than formerly. 
They are asking for information concerning not only balance sheets, char- 
acter, and capacity but also prospective operations. In increasing num- 
bers bankers are demanding submission of a budget which will definitely 
indicate when loans are going to be repaid, with substantiating figures, 
at the time wJflin the application for a loan is made. 

Planning the initial budget. The National Industrial Conference 
Board survey listed some eighteen mistakes or misunderstandings that 
companies have encountered with their budgetary programs.^ The first 
eight of these mistakes indicate rather specifically conditions that might 
well have been considered before the original installation, namely: 

1. Expected too much. 

2. Installed too rapidly. 

3. Inadequate supervision and administration. 

4. Bad organization. 

5. Inadequate accounting system. 

6. Inadequate cost system. 

7. Inadequate statistics of past operations. 

8. Expected results too soon. 

Advocates of budgetary control are often guilty of claiming too much 
for this tool, and the logical result is disappointment on the part of man- 
agement. Furthermore this overexpectation may lead management to 
install the budget too rapidly. Even under favorable conditions the in- 
stallation of a budget is an educational process. It requires time. The 
by-products of budgetary installation are frequently more important than 
the budget itself. Inadequate supervision and administration usually 
accompany failure by management| to recognize the underlying signifi- 
cance of the budget. Budgeting cannot be reduced to a formula to be 
solved by a low-salaried clerk. It requires judgment of the highest order. 
It is better by far not to undertake the budgeting of an enterprise than 
to doom it to failure from the beginning by bad organization and inade- 
quate supervision. The existence of factual data of past experience from 
which to construct the budget is essential. Unless the accounting system 
is so organized as to make possible the collection of information with 
which to fix specific responsibility, the budget should not be undertaken. 

® National Industrial Conference Board, op, cit., p. 16. 
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If the accounting system is not designed to provide these data, modifica- 
tion of it to make possible the current collection of the required informa- 
tion should precede any effort at budgetary control. What has been 
said regarding accounting is equally applicable to other statistical data 
that may not come directly under the accounting department. 

It is highly essential that the performance of each budgetary unit be 
measured in terms of those items for which it can be legitimately held 
responsible. A preliminary consideration is the determination of those 
executive levels and individuals that are to be placed in charge of per- 
formance. The budget is then constructed to fix responsibility and to 
measure performance in terms of this responsibility. 

Factors to be considered in constructing the current budget. Special 
planning before the construction of a given budget is an effective aid in 
formulating a workable budget. This planning should include all major 
policy changes as well as procedures that will influence operations for 
the budgetary period. A few of these major considerations are as follows; 

1. The attitude of the management should be fairly clear with respect to the influ- 
ence of the position in the business cycle. It is not possible to know exactly the 
movement that will take place ; however, intelligent budgeting cannot be undertaken 
without careful consideration of the cyclical trend. 

2. Modernization of production equipment should be considered, especially when 
such modernization will directly affect departmental budgets. 

3. As far as is practicable, due consideration should be given to salary and wage 
changes that may be anticipated during the proposed budgetary period. 

4. Plans for contraction or expansion of production should be noted. During every 
period some organizations are contracting, whereas others are expanding. This situa- 
tion exists in periods of both depression and prosperity. A contracting program re- 
quires special care to avoid catastrophe. An expanding program also demands watch- 
fulness to take full advantage of the opportunities offered. Formal declaration will 
tend to focus the entire organization’s attention on such problems and thus will 
usually prevent the overlooking of some important item. 

5 . Policy concerning product change, development, or the introduction of new 
lines should be stated. Any major change will frequently make heavy demands on 
expenditures for equipment, advertising, and sales effort. 

The extent and detail of budgeting will depend largely upon the mag- 
nitude of the enterprise and the relative experience of the management 
with budgets. By far the most common is the sales budget. In fact, in 
many industries the sales budget is the foundation upon which all budget- 
ing depends. There are times and situations in which the sales budget 
is limited by the productive capacity or the financial budget; during 
normal business, however, experience has tended to emphasize the budget- 
ing of sales first and then the construction of all other budgets in terms 
of anticipated sales. 
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The budget officer. The general manager or another major executive 
should be in charge of the budget. Regardless of the title of the officer 
or committee nominally in charge of the budget, the major executive 
officer is in reality the responsible budget officer. Good organization may 
necessitate the delegation to others of many of the routine phases of 
budget construction and operation, yet in the final analysis its success 
or failure rests on the shoulders of the chief executive. The actual 
amount of time that he must give the budget will depend largely upon 
the efficiency of the operating units and his immediate subordinates. This 
situation illustrates the exception 'principle in management. 


TABLE 28.1 

Titles of Executives in Charge of Budgets * As Reported by Ninety-Three 

Companies 


Number of 


Number of 


Companies 

Executives 

Companies 

Executives 

27 

Comptroller 

1 

Statistician 

24 

Treasurer 

1 

General auditor 

7 

President 

1 

Superintendent of plant 

5 

Assistant treasurer 

1 

Comptroller of budget 

4 

General manager 

1 

Budget director 

3 

Assistant comptroller 

1 

Budget-control officer 

3 

Secretary 

1 

Manager control department 

3 

Budget supervisor 

1 

Manager of forecast and analysis 

2 

Assistant to president 


department 

2 

Vice-president 

1 

Cost manager 

2 

Auditor 

— 


2 

Factory accountant 

93 



* National Industrial Conference Board, Budgetary Control in Manufacturing Indus- 
tryj National Industrial Conference Board, Inc., New York, 1931, p. 38. 


The actual titles of the persons directly responsible for the supervision 
of the budgets in ninety-three companies surveyed by the National 
Industrial Conference Board are given in Table 28.1. It is not surpris- 
ing that the comptroller and treasurer are named so frequently, since 
both these officers have access to many detailed records that are essential 
to effective budgeting. Both are likely to approach the budget more from 
the standpoint of records than of the fundamental conditions out of which 
the records grew. This fact has caused friction in many organizations. 
Such friction may be reduced by the use of an advisory budget committee 
composed of men who really know the operating conditions. The Na- 
tional Industrial Conference Board in its study found that out of ninety- 
five companies reporting, thirty-eight used budget committees.^ Budget 

^National Industrial Conference Board, op, cit., p. 40. 
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committees, composed of operating executives, are valuable aids to budget 
officers in at least two major ways: (1) furnishing technical information 
necessary for intelligent interpretations of accumulated records; and (2) 
directing and supporting the budget officer in formulating and carrying 
out the budget. 

Constructing the budget. The development of the budget usually 
starts with a preliminary conference of the major department heads, in 
which the trends of the business and of industry in general are considered, 
and broad lines of progress are mapped out with the aid of the general 
manager and others who formulate the basic policies of the business. If 
the controlling factor is the amount of goods that can be sold at a profit 
under competitive conditions, the first budget that must be constructed 
is the sales budget. This having been done, the departmental heads 
prepare budget estimates based on the general program that has been 
outlined. These budget estimates are usually submitted to one officer 
of the company, ordinarily the comptroller or the assistant to the general 
manager, who has been chosen for the purpose. Although the details of 
the budget may be delegated to a lesser official, in reality the general 
manager is the budget director, and the responsibility is his even though 
details may be handled by his representatives. In a small business the 
coordinating budget officer usually is the general manager. To the de- 
partment heads he suggests changes based on his knowledge of broad 
factors and tending to coordinate the activities of the various depart- 
ments. He may call conferences of two or more departmental heads 
whose estimates depend on each other but who appear to disagree in their 
first estimates. When such matters have been adjusted to the fullest 
degree by such conferences, a general budget meeting is called; at this 
time each department head submits his budget and must meet the criti- 
cism and comment of the others present. Although final control of the 
budget estimates must necessarily be left in the hands of the president 
or general manager, this meeting will ordinarily largely determine the 
final status of the budget. When finally determined, the budget should 
be prepared in a satisfactory form and distributed to all interested per- 
sons in order that they may know definitely what is expected of them. 

If a budget is actually to control, rather than to be a hoped-for but 
impossible ideal, it must be flexible and elastic to meet variable conditions 
that may occur during the budget period. There are always some aspects 
of the future that cannot be forecast at the time the budget is prepared. 
These unpredictable factors include minor changes in general business 
conditions, although major swings of the pendulum should be visualized, 
such as changes in consumer demand. Changes in consumer demand may 
be basic, as a change in the type of material in fabrics, or they may 
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merely involve style, such as changes in the patterns, colors, or weights 
of a fabric. Modifications in sales and production schedules may have 
to be made on account of the unparalleled favor that is suddenly afforded 
one particular product. 

Constructing the sales budget. If it is assumed that the production 
departments can turn out all the product that the sales department can 
sell, there are three primary approaches to the sales budget: 

1. Each salesman throughout the country estimates the total sales by items that he 
thinks he reasonably can expect to make during the next budget period. These esti- 
mates arc summarized by territories, and a sum total is drawn up for entire antici- 
pated sales. EMk salesman’s estimate may be increased or decreased by his regional 
supervisor if the supervisor feels that the particular salesman is either too pessimistic 
or too optimistic. This estimate is a pragmatic one and has the advantage of being 
in effect a pledge on the part of the men actually in the field to perform. 

2. The central statistical division, after having studied past performance of sales by 
items in relation to certain indices, may build up a scheme of forecasting sales either 
in terms of total volume or, better still, by products. By using regional information 
about the general economic situation, this total estimate may be broken down into 
estimates for localities. Certain industries have been experimenting with this method 
with considerable success. The outstanding problem is to find the proper index, espe- 
cially one that anticipates performance. 

3. A third method combines both of the foregoing ones. The statistical estimate is 
modified after being checked by the men in the field. This seems to be the most suc- 
cessful method. The sales department’s estimate includes a full statement not only 
of necessary expenditures, but also of probable sales and shipments during the budget 
period, subdivided by kinds and unit value as well as by total value. The estimate 
of shipments is equally as important as that of sales, as upon it will largely depend 
the time when cash receipts may be expected. This estimate must be based on a 
consideration of past history, as well as of the seasonal factors that may be involved, 
the business and competitive conditions in the industry, the obsolescence or style 
factors which may be present, the traffic conditions, and the relation to the manu- 
facturing program, both as regards production needs and the extent of unfilled orders. 
An important consideration is the available demand at various selling prices, with 
the margin of profit that is left under each condition. The cost of securing large 
volume, with full data from the manufacturing departments, will in great measure 
determine the output that the sales force will attempt to sell. 

Records and Cost Control 

The manufacturing budget. If standard articles are being manufac- 
tured, the number in each unit of time during the budget period may 
properly form the basis of the manufacturing budget, with all expendi- 
tures dependent on this budget. If, however, the concern works to the 
customer’s order or is largely influenced in the exact amounts of different 
lines or styles that it manufactures by the day-to-day demands of the 
market, it is probable that the manufacturing schedule must be worked 



Ch. 28 


SERVICE DEPARTMENTS^ BUDGETS 


395 


out in terms of units of material or of cost. The manufacturing budget 
must be determined not alone from the estimated sales but also from the 
requirements of the manufacturing departments. An attempt must be 
made to run the plant on as even a keel as possible the year round, and 
the manufacturing budget, as well as the sales department's estimates and 
the financial requirements of the plant, must be developed with this pur- 
pose in mind. The unit costs of manufacture under varying amounts of 
production need to be closely studied by the manufacturing executives 
in order that they may intelligently make recommendations concerning 
the spread of the manufacturing program over the course of the budget 
period. In fact, efficient budgeting of production calls for a series of 
budgets at various productive levels. The manufacturing budget is, in 
other words, a step budget rather than a single budget for a given quan- 
tity. This aspect of budgetary control is possibly its greatest contribution 
to efficient management. It forces the persons responsible for decisions 
to think through the problem before it arises and thus insures prompt 
action when the budget is used effectively. 

The estimated payroll can best be determined on the basis of prospec- 
tive production by carefully analyzing past payrolls at various points of 
production, and from these figures making allowances based on changes 
in wage rates or in production effectiveness. A consideration of addi- 
tional payroll costs due to overtime work or to the necessity of adding 
to the overhead will often serve as a means of stopping sales-expansion 
programs which otherwise appear desirable. 

Among the factors which assist the manufacturing department in for- 
mulating its budget are the following: 

1. Attempts to stabilize production through building up a finished-stock inventory 
during slack periods. 

2. Development of supplementary products which will make possible a balanced 
production fully utilizing equipment. 

3. Consideration of the desirability of manufacturing or purchasing component 
parts and facilities for storing materials. 

4. A consideration of production costs of varying outputs. 

Service departments’ budgets. Although certain phases of maintenance 
and other services are relatively constant, others are closely related to 
the productive hours worked. The roof will need repairs and the build- 
ings will need paint even though production approaches zero; however, 
the maintenance of machinery, sweeping of floors, and many other items 
can be made to approach the productive output. The budgets of the 
various plant service departments, such as traffic, shipping, and stores, 
may be included in the general manufacturing budget, or they may be 
developed separately, inasmuch as, like other service functions of the fac- 
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tory, the amounts of outlay for them are more or less constant, regardless 
of the manufacturing program. The budgets of the general business serv- 
ice departments, such as the general office and the personnel department, 
should be capable of close estimate and easy preparation by the heads 
of these departments. 

The financial budget. There are situations in which the financial posi- 
tion may dictate all other budgetary programs. For example, it may be 
desirable to increase the inventory of finished goods, but this cannot be 
done unless funds are available to carry the additional inventory. The 
financial budget cannot be prepared until the other major departmental 
budgets are fejirly near completion, since it is directly dependent upon 
them. The foregoing statement is true where the company is in a sound 
financial position and has ample credit facilities. 

The financial budget should include a statement of the probable cash 
income and expenditures by months and a careful analysis of the times 
at which the company will be compelled to borrow in order to carry on 
its manufacturing program, as well as the times at which it may be ex- 
pected that the loans will begin to be repaid and the times at which they 
may be completely repaid. The credit man of the organization will have 
a direct interest in the preparation of this information, and it will be his 
advice concerning collections that will make possible the translation of 
the items of shipments into receipts at a later time during the budget 
period. In addition, he must be able to advise the times at which overdue 
balances will be liquidated. This information will largely give the basis, 
together with the sales department estimates, of the expectancy in re- 
ceipts. From the other budgets, cash outlays must be determined through 
a consideration of such separate items as materials, direct labor, over- 
head expenditures, administrative and selling expenses, state and federal 
taxes, fixed charges, and improvements to the plant. From the close 
analysis of all these items prospective balance sheets for various times 
during the forthcoming budget period may possibly be formed. 

The budgetary period. The decision concerning the length of the 
budget period must depend partially on the extent of information which 
is available regarding past operations. As budgets are prepared and ac- 
tual performance statistics become available to check against estimated 
figures, the length of the budget period may be increased. Some auto- 
mobile manufacturers have a master budget covering the anticipated 
operations for the ensuing yearns model. This master budget is broken 
down into a quarterly or a three-months^ operating budget, which is the 
basis for some of the major purchases. The quarterly budget is broken 
down into a detailed operating budget of one month or, during slack 
periods, to ten-day releases and is revised at the end of each month in 
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the light of current performance* Such a budget is in reality a step 
budget that is carefully controlled in keeping with current performance. 

General business conditions will also influence the length of time that 
the budget estimates should cover and the number of revisions that must 
be made. In different businesses the variations in the length of turnover 
of moneys and the importance of the seasonal factor will partially de- 
termine the length of the budget period. It should always be long enough 
to cover at least one complete cycle of operations, provided that seasonal 
features and manufacturing to stock in anticipation of later sales are 
important in the business. 

Advantages and limitations of the budget. During the process of con- 
structing the budget coordination of effort is secured. Each participant 
in the budgetary process is enabled to see how his department fits into 
the enterprise as a whole, as well as the many factors comprising his own 
department. In summary form the budget tends to secure the following 
actions or results, which are achieved either as a part of constructing the 
budget or in striving to meet the goals it establishes: 

1. Analyzes all the factors affecting the departments and the business as a whole. 

2. Harmonizes departmental programs. 

3. Designates departmental and individual responsibilities and authority. 

4. Provides management with a guide to daily activities and a means of control. 

5. Serves as a medium of disseminating policies throughout the enterprise. 

6. Serves as a restraint upon unwise expenditures. 

7. Harmonizes sales and production programs. 

8. Provides a strong incentive for the achievement of the established goal. 

9. Provides a basis for measuring performance. 

10. Tends to aid in stabilizing production. 

11. Facilitates financial control. 

12. Builds morale when operated in a truly managerial spirit. (It is highly impor- 
tant that the budget should not become a clerical instrument operated by an indi- 
vidual with only a clerical outlook.) 

It must be understood thoroughly that budgeting cannot take the place 
of adequate executive control of operations; it is only an aid toward this 
function. The effectiveness of the budget is directly dependent on the 
effectiveness of administration within the several departments. It is an 
influence which should lead to better executive control but can never 
replace it. 
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The budget in operation. Some managers recognize the need for an 
operating budget and initiate a program for its establishment without 
giving full support to its maintenance and use. There could be no more 
serious mistake. It is better by far never to start a budget than to let it 
drift and eventually be discarded as nonessential. To be effective the 
budget must remain dynamic. It can retain its dynamic features only 
when the general manager gives it his support and personally uses it in 
his contacts with his division heads. 

Reports from other workers form the basis of the general manager's 
control of expenditures during a budget period. He should have informa- 
tion available at all times regarding the percentages by which each de- 
partment is above or below its quota. If the operation of the budget is 
to be effective, he should question constantly with wisdom and under- 
standing the figures that are appreciably out of line in either direction. 
Department managers must maintain similar checks on operations and 
expenditures within their departments. If department budgets are con- 
trolled effectively, there will be but little need for action on the part of 
the general manager or his budget officer. 

An alternate budget may be prepared at the time that the budget is 
adopted and may supersede the one that is rendered out of date by 
changes in conditions. Such flexible budgets may be prepared depart- 
mentally; and, without further instruction, if departmental activities 
vary by certain percentages, the departments know the percentage by 
which they should increase or decrease their expenditures. If the costs 
of basic materials or of direct labor vary by specified percentages, definite 
predetermined authority may likewise be given the production depart- 
ments to increase or decrease their expenditures in definitely stated pro- 
portions, and similar authority may be given the sales department to 
vary its estimated receipts from sales. It is at times more practical, how- 
ever, to call for revisions of the budgets when basic conditions change. 

General budgetary control. In large corporations, and even in smaller 
ones, provisions may be made for constructing monthly or quarterly bal- 
ance sheets to compare with the budgeted balance sheet. The important 

398 



Ch. 29 


ANALYSIS OF CURRENT BUSINESS CONDITIONS 


399 


factor is that the original construction of the budget should provide the 
necessary tools for control. The basis for operating control through the 
budget is laid in the original construction of the budget itself. Adeqvxite 
accounting 'procedure must be provided to supply current data relative to 
the perjormance of each budgeted unit. The organization must have 
been developed to the point that a specific person is charged with the 
responsibility for the performance of each departmental or divisional 
budget. Otherwise it will be better to postpone any attempt at budgeting, 
for confusion and overlapping of responsibilities are certain to arise. 
Estimated costs of operating the major divisions must have been set up 
in keeping 'with expected sales volumes. 

The standard that acts as a guide for all budgetary control is the mas- 
ter budget for the period. Table 29.1 shows an annual budget for a 
machinery manufacturer. This master budget is broken down further 
into a monthly budget. It is desirable that top management receive a 
monthly report comparing the performance for the preceding month with 
the budgeted operations. This same monthly report should include a 
comparison of performance to date with the actual performance for the 
corresponding month of the previous year. 

Major business control. . It is difficult to visualize how modern business 
could be controlled with understanding and constructive foresight with- 
out the budget. When margins of profit are large, accuracy in control is 
not quite so essential. Today the difference between profit and loss 
is frequently dependent upon the accuracy and comprehensiveness of 
budgetary control. As the budget period progresses, the general manager 
must have accurate reports of operating conditions within the business. 
It is on the basis of these reports that changes in the budget will be made. 
Periodic reports, monthly or semimonthly, will inform him of the profits 
and sources of profits within the last period. These reports will be com- 
pared with past periods and with the budget. Such reports will include 
a statement of earnings, operating expenses, and profits for the month, 
as well as an income statement, which will be divided into budget ac- 
counts. Major expense headings will be given for each department, with 
comparisons with the budget. 

Analysis of current business conditions. Various economic services 
are available to assist in forecasting business conditions. In addition to 
the commercial services, some of the more important sources of informa- 
tion are the statistical data of the Federal Reserve Banks, the reports of 
the Bureau of Labor Statistics and the Department of Commerce, the 
forecasts of the several university bureaus of business research, and in- 
dependent statistical studies of business cycles. 
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TABLE 29.1 

Estimated Annual Sales and Cost of Goods Sold by the Evanston Machinery 

Company 

(Hypothetical figures, 000 omitted) 

Percentage Percentage 

of Direct of Direct Burden 



Elstimated 

Annual 

Coat of 
Goods 

Percentage 
Cost of 
Goods 

Direct 

Labor in 
Coat of 
Goods 

Direct 

Material in 
Cost of 
Goods 

(180% 

of 

Direct 


Sales 

Sold 

Sold 

Labor 

Sold 

Material 

Sold 

Labor) 

Products 

Electric hoiste 

Machines 

$1,000 

$ 560 

56 

$118 

21 

$ 230 

41 

$ 212 

Parts 

800 

420 

52 

76 

18 

210 

50 

134 

Resale 

500 

310 

62 



310 

100 


Total 

2,300 

1,290 

56 

194 


760 


346 

Coal 

Machines 

1,100 

610 

55 

146 

24 

201 

33 

263 

Parts 

1,000 

530 

53 

111 

21 

219 

41 

200 

Resale 

800 

510 

64 



610 



Total 

2,900 

1,650 

57 

257 


930 


463 

Electric drills 

Machines 

800 

420 

52 

67 

16 

233 

66 

120 

Parts 

500 

250 

50 

38 

15 

144 

58 

68 

Resale 

200 

120 

62 



120 

100 


Total 

1,500 

790 

53 

105 


497 


188 

Air drills 

Machines 

900 

460 

51 

69 

15 

267 

58 

124 

Parts 

700 

350 

49 

49 

14 

213 

61 

88 

Resale 

400 

260 

66 



260 

100 


Total 

2,000 

1,070 

54 

118 


740 


212 

Gasoline 

compressors 

Machines 

1,000 

570 

57 

91 

16 

316 

66 

164 

Parts 

700 

360 

51 

54 

15 

214 

58 

92 

Resale 

300 

160 

54 



160 



Total 

2,000 

1,090 

55 

145 


689 


256 

Electric 

compressors 

Machines 

800 

450 

56 

81 

18 

225 

60 

144 

Parts 

400 

220 

55 

35 

16 

123 

66 

62 

Resale 

600 

320 

53 



320 



Total 

1)800 

990 

55 

116 


668 


206 

Special drills 

500 

350 

70 



360 



Total for all 

products 

$13,000 

$7,230 

66 

$935 

13 

$4,624 

64 

$1,671 
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With the available business reports before him, the general manager 
may call his advisory committee to consider the major trends which they 
indicate. On the basis of their own knowledge of business conditions and 
that of any statistician or other advisory man with information of busi- 
ness trends, it is decided whether the budget shall continue as adopted 
for the remainder of the period or whether changes or a whole new budget 
shall be made. 

Successful operation of a budget depends, above all, on effective control 
of the various departments of a business: sales, production, finance, and 
their several divisions. 

Controlling the departmental budget. The success or failure of the in- 
stitutional budget depends upon the effectiveness of the respective depart- 
ments in meeting their budgets. Each department head not only must 
be familiar with the details of his budget but also must impart this in- 
formation to his assistants so that the team can achieve its objective with 
confidence and understanding. The accounting department should set up 
a budget-accounting procedure which will provide an account for each 
budget allotment and then post expenditures under that allotment to that 
account (see Fig. 29.1). Such sheets, as that illustrated should be checked 
constantly by a budget clerk in the accounting department, who should 
notify department heads when allotments seem to be in danger of being 
overdrawn in the future through any excess expenditure at the moment. 
Department heads should examine such sheets or summaries of them at 
frequent intervals, and check them against the departmental budget. 

This checking is for the purpose of aiding in positive control. All too 
often budgetary operative controls are reduced to negative checks which 
tend to break down morale and bring the entire movement into disrepute. 
When properly operated, these controls provide a goal to reach and 
stimulate morale. One of the ’most effective means of getting all the 
supervisors behind a budget is to have some form of supervisory bonus 
to be paid for meeting or approaching the budgetary standard.^ Action 
on new programs should not be taken by any department unless it is 
assured that the budget will not be endangered. 

Of course, if a new program is necessitated by a situation arising after 
the construction of the budget, adjustments will have to be made to meet 
the requirements of the new situation. The budget must never become 
a restraint upon progress or scientific management but must remain a 
tool of efficient management. 

Construction and other activities in which it is difficult to predetermine 
costs with accuracy must be checked more closely than normal manufac- 
turing operations. 

1 See Chapter 25, p. 349, for a discussion of the supervisory bonus. 
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Operating the sales budget. Sales by salesmen, territories, and prod- 
ucts are compared with estimated sales for the period, such as a month, 
and are summarized for the benefit of the major executives. The sample 
report given in Table 29.2 is illustrative of the type of information that 
should be provided for the sales manager and other major executives. 


DESCRIPTION 
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The sales manager is also interested in similar reports for the various 
regions and individual salesmen and in the sales by-products. If sales 
in a given territory are falling, the sales manager tries to determine the 
cause and may send special assistants to the region to aid. If the failure 
is caused by a drought or another natural reason, analysis may show that 
some other region is profiting through the misfortune of the drought area. 
Additional sales effort in the fortunate area may well absorb in part the 
unavoidable loss in the drought region. 

Some budget officers, in addition to rendering special monthly reports 
similar to the one in Table 29.2, express the same data graphically. 
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Graphic representation is especially helpful in portraying trends (see Fig. 
29 . 2 ). 

TABLE 29.2 

Sales Department Budget for October (26 Working Days) 

Percent- 


Income and Expense Accounts 

Budget 

Estimate 


Actual 

Figures 

Vaiiation 

age of 
Variation 

Sales at list price 

$ 200,000 

$ 

210,000 

$ 10,000 

+ 5.00 

Total sales to date 

2,400,000 

2,640,000 

240,000 

+10.00 

Salaries, executive and clerical 

$ 4,200 

$ 

4,000 

200 

- 4.76 

Salaries, salesmen 

4,000 


4,000 

0 

0.00 

Commissions 

3,800 


3,600 

- 200 

- 5.26 

Travel 

700 


770 

-h 70 

+10.00 

Advertising 

6,250 


6,250 

0 

O.OC 

Other expenses 

800 


750 

- 50 

- 6.25 

Trade discounts 

6,800 


7,000 

+ 200 

+ 2.94 

Department expense for month 

$ 26,550 

$ 

26,370 

1 

1 

- 0.68 

Nine preceding months 

295,700 


294,000 

-1,700 

- 0.58 

Ten months to date 

$ 322,250 

$ 

320,370 

$-1,880 

- 0.58 


Controlling the labor budget. Labor budgeting is an essential element 
in the budgets of every department in a business. In order to predeter- 
mine costs over a period, it is necessary that some estimate of personnel 
costs be made. The payroll budget must show the number of dollars that 
will be applied in wage increases and in the savings incident to high-cost 
workers leaving and their places being filled with lower-paid newcomers. 
This is one of the most difficult items in budget preparation, and it is 
even harder to administer it within the limits that have been set down. 
Departmental executives must distribute the budgeted payroll in such a 
way that total labor costs for the department will be within budget 
estimates, and at the same time wages must be changed to conform to 
daily requirements. The departmental head must have his estimated 
payroll and his actual payroll constantly before him for comparison. 
Increases in salary must be given at the proper time to salaried em- 
ployees. When employees resign and are replaced by others who do not 
receive the same rate, the budget is infiuenced. Incentive wage systems 
facilitate the predetermination of wage costs, and yet exact wages cannot 
accurately be predetermined. A variation of a few cents on the jobs of 
a number of workers for a number of days will make a great difference 
in labor costs over a budget period. 

The personnel department must secure the labor budgets for the several 
operating departments, and make arrangements to have the necessary 
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number and type of personnel available at such times as the prospective 
manufacturing schedule indicates is necessary. Sufficient personnel must 
be hired to provide for the high mortality rate that occurs, even under 
the best conditions, immediately after hiring, and such personnel must 
be available in time to be trained when needed in the schedule. 

120 1 1 



Q 

Fig. 29.2. Sales-<lepartment budget for October, 26- working days. Supporting data 

are in Table 29.2. 


Operating the research and development budget. Few expenditures 
are more difficult to predict than allotments for research. The executive 
in charge of development and research is required in his original request 
to set forth in as much detail as possible what he hopes to accomplish, 
how long he estimates it will take him to achieve his goal, how much 
money he estimates will be required, and what results are expected if 
his endeavors prove successful. All expenditures on a given project are 
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charged against this particular undertaking. The executive in charge is 
notified monthly regarding the budget standing of his research. In turn, 
the director of research at stated intervals reports his progress to his 
superiors, including both the time element and the degree of success in 
his endeavors. When it becomes evident, as it often does, that the orig- 
inal allocation of funds will not be adequate to pursue the project to a 
successful conclusion, the director of research should notify the budget 
officer and his immediate superiors. He should report progress to date 
and file a new request for funds to complete the project if he thinks that 
such expenditures are justified. The budget committee and the manage- 
ment then have to decide whether finances permit further expenditure at 
the time, whether other researches should be deferred, or just what should 
be done with the available funds. 
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MANAGERIAL CONTROL THROUGH COSTS 

The Nature and Use of Costs 

The relatioiiship of the cost-accounting department to other depart- 
ments in the organization. Fundamentally the cost-accounting depart- 
ment belongs under the accounting or the comptroller's division, and 
there is a definite treijd toward this organization. Probably the greatest 
deterrent to this trend is the lack of ability of many accountants to handle 
this work; they can carry out the computations, but they do not know 
enough about operations to set up and to maintain an adequate system 
for collecting the needed cost information. 

In actual practice the cost-accounting department may be found under 
the industrial engineering or standards department, under the production- 
control division, under the plant superintendent, general manager, or 
some other important official. A consideration of the personalities in- 
volved or the capacities of the regular accounting division may be the 
determining factor in locating this important section of a business. At 
the time when cost accounting is established as a separate function, there 
may have been good reason for placing the cost work somewhere other 
than under the regular accounting division. Tradition and the mo- 
mentum of an early start may preserve this separation long after the 
original cause has been removed. On the other hand, good cost account- 
ing requires a thorough, although not necessarily a technical, knowledge 
of production processes, which often is lacking in the regular accounting 
section. This is frequently the determining factor in locating the cost- 
accounting department. 

Cost accounting forms the soundest groundwork for information on 
which management decisions may be based and profits insured. Like 
other business methods, it is not an aim in itself. It is of value only in 
so far as it aids in operations and in making intelligent executive deci- 
sions that promote the healthy advancement of the business. Cost re- 
ports, regardless of their value, are inanimate and cannot themselves 
make improvements or insure intelligent operation. They must be stud- 
ied by the executives and translated into the action toward which they 
point. They give the information for control, but they themselves cannot 
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do the controlling. Cost reports must be current if they are to provide a 
basis for managerial control. If the cost system is to serve such a func- 
tion, it is essential that it be developed with a view to its utilization 
primarily as an instrument for managerial control. Since many students 
of industrial management have not had the advantage of a formal course 
in cost accounting, a few elementary concepts will be presented in this 
chapter.^ 

Classification of costs. Viewed solely from a managerial standpoint, 
the various classifications of costs are sometimes given as listed below. It 
should be remembered that this is not the usual accountant's classifica- 
tion. 

1. Prime costs = direct labor costs + direct material costs. 

2. Factory costs = prime costs + factory expense. 

3. Production costs = factory costs general expense. 

4. Total cost = production costs + selling expense. 

To make the series of equations complete it will be well to add another 
one: 

5. Selling price = total cost ± profit or loss. 

The accountant usually writes the cost equations as follows: 

1. Prime costs = direct material costs -b direct labor costs. 

2. Factory costs = prime cost -f factory expense. 

3. Cost to make and sell = factory cost -f- selling expense. 

4. Total cost = cost to make and sell + general administrative expense. 

5. Selling price = total cost ± profit or loss. 

Factory expense is composed of all those burden items which are capa- 
ble of being allocated to the factory, such as waste, depreciation, repairs, 
taxes, insurance, indirect labor, power, heat, light, salaries of factory 
supervisors and clerical workers. 

General expense includes general administration and managerial costs, 
such as main office salaries and expenses; legal costs; the portion of 
power, heat, light, depreciation expenses which is chargeable to the cen- 
tral office group; accounting; and other items, such as communication 
expense, general office supplies, and sometimes institutional advertising, 
public relations expenses, and similar items. 

Selling expense includes those items that are directly chargeable to 
selling. The exact breakdown of this expense, like all the others, may 

1 It is highly recommended that all young men entering business study accounting, 
at least through introductory cost accounting. The fact that many of our successful 
managers today have not had such courses is no argument to the contrary. These 
successful men have acquired the fundamentals of accounting the long, hard way. 
Experience is a good teacher, but often an expensive one. 
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vary with the individual concern and the use made of the costs. Adver- 
tising, for instance, is frequently chargeable with little difficulty to sales, 
yet some institutions classify this item under general expense. (See Fig. 
30 . 1 .) 

Elements of cost. Materials, labor, and expense are the simple ele- 
ments from which costs are derived. Materials may be divided into two 
general classifications, direct and indirect. Direct materials are those 
that go into the product and can be directly traced to it. Indirect ma- 
terials are those that are necessary in the production process but are not 
directly used in the product itself, such as coal, oil, and sandpaper. Cer- 



tain other materials that go into the products but arc difficult to trace to 
a given product are often classed as indirect material, such as nails, glue, 
putty, and sometimes paint. The same material may be a direct material 
for one producer and an indirect material for another. 

Labor is also classified into two groups, direct or productive and in- 
direct or nonproductive labor.^ Direct labor is capable of being allocated 
to a specific product or products, whereas indirect labor cannot readily 
be thus assigned. The method of wage payment may influence the classi- 
fication of labor as direct or indirect. A janitor is ordinarily paid on a 
day-rate basis, and his work is usually classified as indirect. In some 
departments the entire group, including the janitor, may be paid on a 
group piece-rate basis. In this case the janitor service is directly allo- 
cable to the product and therefore is classified as direct labor. 

Another group of items entering into costs is known as overhead ex- 
pense or burden. Depreciation, interest, rent, taxes, heat, light, and 

^ ^Troductive*’ and ^^nonproductive” in a sense are inaccurate when applied to labor, 
although they are in common use. All labor should be productive or else abolished. 
The mere fact that labor may not be directly traceable to a given product does not 
mean it is nonproductive in the strict sense of the term. 
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power, and similar items are just as much a matter of cost as materials 
and labor. Expenses may also be divided into two classes, fixed or con- 
stant and variable or fluctuating. Fixed expenses are those costs that 
tend to remain relatively constant regardless of the volume of produc- 
tion, such as the interest on bonds, taxes on land, buildings, and equip- 
ment, depreciation arising from the passage of time, and rent. Variable 
expenses are those items that tend to vary with the volume of production, 
such as depreciation arising from use, royalties paid on a volume basis, 
power, salaries of minor clerks and some subforemen. 

Interest, taxes, rent. In a strict economic sense there may legitimately 
be some argument about classifying rent, taxes, and interest as expense 
items. From the managerial point of view these expenditures are a charge 
against the business enterprise and as such must be paid out of revenue 
or out of capital if the revenue is not large enough to cover all outlays. 
Regarded in this light, they are in a very real sense expenses. 

Distribution of factory expense. Products resulting from the manu- 
facturing process may for convenience be classified into the following 
four groups: 

1. The primary product. 

2. The by-prodiict8. 

3. The joint products. 

4. Waste. 

The primary product is the simplest classification and may be readily 
recognized as the main product which the enterprise is designed to pro- 
duce, such as steel in the steel mill and fabric in the textile mill. A 
by-product is a product resulting from the manufacture of a primary 
product. It may have considerable value, but its production is purely 
incidental to that of the major product. Cotton seed is a by-product of 
the “ginning” of cotton. In the past, by-products have often been ig- 
nored. Even today items that might well be marketed as by-products 
are often ignored unless the total volume is large. For instance, small 
packinghouses frequently do not have the full line of by-products that 
large packers have. When each of two products resulting from the same 
production process has considerable value, they are known as joint 
products. Illustrations are common, such as butter and buttermilk, meat 
and hides, coke and artificial gas. The relative values of two joint 
products are usually more nearly the same than those of a by-product 
and its primary or major product. Waste may* arise from the manufac- 
ture of a major product, joint products, or a by-product. Waste has 
relatively little value and sometimes may constitute an expense, in that 
money must be spent to get rid of it. 
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From a cost standpoint a primary product carries all costs that can be 
allocated to it. All costs incurred in processing the by-product after it 
is separated from the major product are naturally chargeable to the 
by-product. If the competitive market for the major product is keen, 
the sales price of the by-product minus all costs allocable to it is fre- 
quently subtracted in figuring the cost of the major product. In an effort 
to find true costs this practice may be followed anyway, but it is almost 
certain to be done where margins are low and competition is keen. In 
the manufacture of joint products all costs incurred after the two prod- 
ucts are separated are usually allocated to the respective products. The 
costs of the j#int products up to the point of separation are often divided 
between the two on the basis of the total sales value of each. The cost 
of saving the waste is naturally charged to the waste. The recovery value 
is usually so low that. no special effort is made to figure it into the cost 
of the product from which it is derived. 

The distribution of factory expense is complicated even for a major 
product and becomes increasingly so for by-products and joint products. 
Absolute accuracy is not possible, but accuracy for managerial control 
is attainable. To illustrate some of the methods used and some of the 
difficulties involved, a few of the bases for distributing factory expense 
are presented. 

Direct labor as a basis of distributing expense. Direct labor as a basis 
for distributing factory burden is approached from two angles: namely, 
direct labor hours and cost of direct labor. These two approaches would 
give the same result in a situation in which the men were paid at the same 
rate on a time basis. Such a condition seldom prevails; hence the two 
systems are usually different. The distribution of expense on the basis 
of direct man hours worked on a given product is predicated on the as- 
sumption that these expenses are proportional to the man hours worked. 
The system is simple, and it is probable that its simplicity may account 
for its wide use. When the rates paid the workers are relatively the same 
and the amount and the nature of the work vary only slightly, this system 
is accurate for most purposes. It has the advantage of emphasizing the 
time element in the distribution of indirect costs; however, it emphasizes 
only ^Vorked^^ time and does not consider '^elapsed^^ time, which is also 
an important item in costs. This system does not distinguish between the 
different kinds of equipment that may be used in processing work pos- 
sessing different characteristics. It is self-evident that a carpenter work- 
ing with hand tools is not in fact carrying as much burden as a man 
working on a large boring mill in the same department. 

’^distribution of burden on the basis of the cost of direct labor is a 
modification of the direct labor-hour basis. Where the rates vary ma- 
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terially in the department, the results of the two systems will be differ- 
ent. The direct labor-cost basis of distributing expense is predicated on 
the assumption that burden is proportional to the direct labor cost. This 
system ignores the effect of elapsed time and does not emphasize the time 
worked quite so definitely as the direct labor-hour basis. The other 
advantages and disadvantages of the direct labor-cost basis are essen- 
tially the same as those of the direct labor-hour basis, but the direct 
labor-cost basis has an additional advantage in that the data are ac- 
cumulated for other purposes and need not be specially segregated in 
the same sense that labor hours have to be collected. 

Direct material as a basis of distributing burden. The distribution of 
expense on the basis of direct material is predicated on the theory that 
indirect costs vary in direct proportion to the direct material used. This 
system is logical for continuous-process manufacture of a standardized 
product. If more than one line is turning out products that are ma- 
terially different or if the same line turns out different products, this 
system tends to be less applicable. It is of doubtful value for burden 
distribution for an industry producing a variety of products. 

Prime cost as a basis of distributing burden. Prime costs are equal 
to the sum of direct labor costs plus direct material costs. Burden dis- 
tribution on the basis of prime costs is in reality a combination of the 
systems which have been described and possesses both the advantages 
and the disadvantages of each. This system has not met with widespread 
acceptance. 

The machine-hour rate as a basis of distributing burden. This method 
has been in use in a general way for a long time.^ The machine rate basis 
of expense distribution in its more highly developed form strives to allo- 
cate to each machine its true expense when considering all costs, such 
as original cost of machine and expected life, power consumption, heat, 
light, fioor space occupied, maintenance. By carefully estimating the 
expected use of a machine and dividing all costs allocable to this machine 
for a given period by the total number of expected use hours, the burden 
charge per hour can readily be obtained. By keeping a record of the 
time a machine is used in manufacturing a given product, the burden cost 
of each machine can be charged to the product. This method involves 
considerable record keeping, but it is theoretically preferable to many of 
the other systems. Failure to use the machine the anticipated number of 
hours leaves a portion of the burden undistributed, whereas usage of the 
machine for longer than the estimated time distributes burden greater 

3 See Dexter S. Kimball, Principles of Industrial Organization, McGraw-Hill Book 
Company, New York, 1939, p. 317. 
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than is factually justified. Again, if a machine larger than necessary is 
used for a given job because machines of the proper size are overloaded 
or broken down, the particular product thus processed will be charged 
more than it should ordinarily be. It is true that these shortages or ex- 
cess charges may be accumulated over a period and adjustments made, 
but it is not so easy to make these adjustments for an individual product 
in a jobbing shop. Individual costs including either excesses or shortages 
in burden distribution are particularly undesirable when they are used 
later for estimating purposes. 

The production center as a basis of distributing burden. The produc- 
tion-center method of expense distribution is a logical expansion of the 
distribution by machine-hour method and eliminates most of the objec- 
tions of the machine method. A given production center may or may 
not be separated by aisles or partitions. Each center does, however, have 
definite boundaries an^ may well be thought of as a special room. All 
the charges for this particular center, such as floor space, repairs, heat, 
light, power, and maintenance, can be allocated to the center as a unit. 
These total charges are then distributed on a time basis over the total 
product moving through the center. This system is theoretically sound, 
but it requires a great deal of careful work to establish correct rates for 
each center. The same problem of overcharges and undercharges arises 
as in the machine rate basis in cases where the center has less or more 
production than was anticipated for the given period. Excess charges 
because of using a larger machine than necessary are less likely to occur 
under the production-center method of expense distribution than under 
the machine basis because the production center usually has both ma- 
chines. 

Combining various methods in distributing burden.^ The cost-account- 
ing system should be adjusted to the needs of the situation. Two or more 
systems may logically be used within an organization when they best 
serve the requirements of the enterprise. In one department practically 
all the production may be machine work, and the basis of burden distri- 
bution may well be the machine-hour method or the production-center 
method. In another department of the same enterprise most of the work 
may be hand assembly either on benches or on assembly line. In this 
department the direct man-hour or direct labor-cost basis may well be 
the best one to use. In a department where there is a large amount of 
both machine work and hand work it may be advisable to apply machine 
burden such as power, depreciation of machinery and equipment, repairs 

See Charles F. Schlatter, Elementary Cost Accounting, John Wiley and Sons, New 
York, 1927, pp. 269-271. 
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and maintenance of machines, and insurance and taxes on the machines, 
by the machine-hour method; and at the same time distribute burden 
arising from supervision, welfare expense, heat, light, and other items 
that apply more intimately to the workers than to machines, on the direct 
labor-cost basis. 

Using cost information. There are at least two important uses of cost 
information, namely, for control of operation and as an aid in price deter- 
mination. In the short run competition may be the determining factor 
in price. Even in the long run competition may set the upper limit of 
price, but the long-run lower limit of price under competitive conditions 
tends to be determined by the cost of production of the representative 
firm in placing the goods on the market.® In other words, costs deter- 
mine the survival of a company rather than the price of its goods, since 
price is determined by competition in a free market. Current costs influ- 
ence price largely through serving as a signal to indicate whether opera- 
tions are profitable at a given price. For a time it may be better busi- 
ness to continue to sell at a price which does not recover all burden costs 
rather than not to sell at all. 

From the standpoint of the industrial manager costs serve as a chart 
for control. When standards have been accurately established, failure 
to meet these standards is a signal for managerial action. To be effective 
in control, costs must be allocated in such a manner as to coincide with 
areas of responsibility. It is a waste of time for control purposes to send 
a foreman a report showing an increase in the cost of production arising 
from conditions over which he has no control. The responsible executive 
should be charged only with those costs over which he exercises reason- 
able control. The foregoing statement raises the question of the disposi- 
tion of the excess unit burden costs arising from a decrease in the volume 
of production. It is self-evident that the enterprise as a whole must bear 
all costs whether or not they are currently recovered in the selling price 
of the product; however, it does not follow that each individual depart- 
ment must be charged for control purposes with all costs. If the depart- 
ment is not charged with all the expense, ho\\ should the undistributed 
burden be handled? One method is to establish a burden charge for each 
department for an expected normal volume and to use this charge as a 
basis even though production may fall below this norm.® The excess 
burden would then be applied directly to profit and loss as a charge 
against management rather than against the individual department. This 

®See Paul F. Gemmill, Fundamentals of Economics, Harper and Brothers, New 
York, 1935, pp. 440-459. 

® In substance this was the method advocated by H. L. Gantt in his article in the 
Journal of the American Society of Mechanical Engineers, August, 1915. 
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or a similar program is incorporated in standard costs, which will be dis- 
cussed later in this chapter. 


Depreciation 

Depreciation defined. Depreciation is defined as the reduction in the 
value, or the effective economic life, of a product arising from the passage 
of time, use or abuse, wear and tear, influence of the elements, or the 
cessation of demand for use,’^ As this definition implies, depreciation 
frequently is used to include obsolescence and inadequacy or supercession. 

The mere passage of time creates physical decay or decrepitude in 
such things buildings, boilers, rubber products, and other productive 
instruments. Repairs will prolong the life of such items, but eventually 
they must be replaced. Wear and tear take place with use and are rela- 
tively proportional toaise; however, the time element may influence the 
rapidity of wear. When a factor of production is being consumed in pro- 
duction, regardless of the cause, provision should be made to accumulate 
funds out of the selling price of the product to replace the item when no 
longer usable. 

Fixed assets are constantly being converted into expense which must 
in the long run be recovered in selling price in order that the buildings 
and equipment may be repaired during their effective lives and replaced 
when they are no longer economically usable.® This expense arising from 
the conversion of fixed assets into the product sold may take several 
forms, such as wear and tear and physical decay resulting from the pas- 
sage of time, obsolescence, and inadequacy. Inadequacy in and of itself 
may not in a strict sense be an expense, but it certainly lessens the value 
of the item to a going concern and thus gives rise to excess expense if 
the equipment is forced to do work for which it is not large or powerful 
enough. Again, inadequacy may compel the purchase of additional equip- 
ment, an expenditure which would not be necessary if the equipment were 
adequate. 

Obsolescence. Obsolescence is a term used to describe the process of 
equipment's becoming out of date. The equipment may still have useful 
productive life for the specific operation for which it was originally pur- 
chased, but this operation may no longer be economical because of the 
development of newer types of equipment, new processes, or new inven- 
tions. Obsolescence differs from inadequacy in that obsolete equipment 
has little or no value save for scrap, whereas inadequate equipment may 

7 See L. P. Alford, Coat and Production Handbook, Ronald Press Company, New 
York, 1937, pp. 1215-1221. 

® Land is an exception to this statement. 



Ch. 30 


BASIS OF DEPRECIATION 


415 


have much valuable productive life remaining. Equipment inadequate 
in one situation may be entirely satisfactory in another where there is 
less work to be done. Obsolescence is more common in newer industries 
in which development of processes and product is more rapid. A basic 
discovery in any industry, however, may render much of the equipment 
obsolete. Model changes in the product may render certain tools and 
dies for the old model obsolete, not because they are replaced by a newer 
tool for the old product, but because the product has changed, so that 
new tools and dies are required. This situation is common in the auto- 
mobile-body industry. Systematic provision for the obsolescence of 
equipment is difficult, save in those industries in which models change 
at regular intervals; the special equipment is then frequently written off 
in a short time. It is not uncommon to find that no attempt is made to 
segregate obsolescence as such; it is included in depreciation by making 
provision to retire the equipment in a shorter period than would be justi- 
fied by wear and tear arising from use or the passage of time. 

Depletion. Certain business assets, such as coal or iron deposits, tim- 
ber, and clay deposits, are consumed in being prepared for market. 
Minerals, when removed from the earth, are not replaceable. Provision 
may be made to replace trees, but such replacement takes a long time. 
Earnings from operations such as mining represent two items: (1) profits 
from operations, and (2) recovery of part of the capital investment. 
Reduction of the mineral deposit through removal for use is known as 
depletion. It may be legitimate to distribute to the owners the total 
income from such operations, but they should be clearly earmarked to 
avoid confusing a return of capital with earned income. Patent ® rights 
and franchise privileges lose their value with the passage of time, and 
provision should be made to amortize their value during their effective 
lives; there will be a partial depletion of capital if the total income is 
distributed. Provision for depletion may be made through investing the 
accumulated funds in similar or other assets; instead a special sinking 
fund may be established by investing these funds in income-bearing 
securities and reinvesting the income, so that the total amount will be 
available at the expiration of the effective life of the item. 

Basis of depreciation. Before discussing the simple methods of de- 
preciation, it is well to consider the three common bases of depreciation: 
(1) original cost, (2) replacement cost, and (3) present value or appraised 
cost. There are some advocates of a fourth basis: original cost plus 

® A patent grants its owner the exclusive right to manufacture for seventeen years; 
a copyright is effective for twenty-eight years and may be renewed for another 
twenty-eight. 
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maintenance cost.^® This fourth basis is of doubtful value, however, and 
has not found wide acceptance. Depreciation on the basis of original 
cost, which includes transportation and installation costs, is simple and 
easily determined by referring to the equipment ledger. Depreciation 
on this basis will tend to retain the original investment intact. Some 
authorities argue that the objective should not be merely to preserve the 
original investment but to preserve the organization as a going concern, 
and that this purpose will not be accomplished by merely recovering 
original costs during a period of rising prices ; hence they advocate depre- 
ciating the asset on the basis of its replacement cost. There is consider- 
able merit to^their argument, but its practical application involves a 
great deal of accounting and revision of depreciation charges as price 
levels fluctuate. This basis has merit when appraising an enterprise for 
financing and insurance purposes, but it has little standing with the in- 
come-tax collector and may be criticized on the basis that costs as far 
as possible should reflect actual, rather than estimated, expenditures. 

The present-value basis or the fair market-value basis has had par- 
ticular standing in certain special cases involving property acquired 
before March 1, 1913, and property acquired by gift or transfer in trust 
after December 31, 1930.^^ In industry in general, however, it has rela- 
tively little significance. 

Methods used in computing depreciation. There are several methods 
of figuring depreciation; however, the straight-line, the sinking-fund, the 
percentage-on-diminishing-value, and the machine-hour methods are the 
most common ones. 

1. The straight-line method of depreciation assumes that the depreci- 
ation takes place in equal increments throughout the life of the equip- 
ment. The life expectancy of the machine is estimated, together with 
its scrap value. From the cost of the machine is subtracted the scrap 
value, and the remainder is distributed equally among the estimated 
years of life of the machine. For instance, a machine costing $1400 
and having an estimated life of 10 years and scrap value at the end of 
this period of $200 would have an annual depreciation of $120, computed 
as follows: ($1400 — $200) /lO = $120. This method gives a constant- 
depreciation rate for each year which in reality does not conform to 
actual depreciation,' since a machine depreciates more during the first 
few years of its life than during the last years. Maintenance costs are 
greater during the later years of the life of a machine, and these, when 
added to the straight-line depreciation charge, will give an unequal 


See L. P. Alford, op, ciL, p. 1232. 
p. 1235. 
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charge against production. If it is desirable to have a relatively con- 
stant machine cost chargeable to production, the straight-line method 
is not satisfactory. It is, however, in wide use, probably on account of 
its simplicity and ease of computation. 

2. The sinking-fund method of depreciation applies the sinking-fund 

principle to accumulating depreciation charges. The amount to be de- 
preciated is found by the same way as in the straight-line method. By 
an algebraic formula the amount of money that must be set aside peri- 
odically in equal amounts and to which interest at a given rate is credited 
is determined so that the accumulated total will equal the amount desired 
to be available at the end of the period. The formula may be written 
as follows: A = V (r — l)/(r” — 1), in which A represents the annual 
depreciation charge, V equals the total fund to be accumulated, n repre- 
sents the life of the equipment, and r equals the rate of interest plus unity, 
or 1. This formula may also be written A = Vr/[{1 + — 1]. A 

simpler method is to use compound interest tables to find the amount 
which $1 per annum compounded at r interest rate will equal in n years 
and then divide the total amount to be accumulated by the amount that 
$1 will accumulate for the period. The quotient will be the amount to 
be set aside annually. To illustrate, using the same problem given under 
the straight-line method: $1200 is to be accumulated at the end of 10 
years at 5 per cent. One dollar deposited or set aside annually at 5 per 
cent compounded interest will accumulate $12,578 in 10 years. To ac- 
cumulate $1200 in 10 years on this basis, $1200/$12.578 or $94,586 will 
have to be set aside annually. The sinking-fund method is merely used 
to calculate the depreciation; it is very seldom indeed that an actual 
sinking fund is provided for this purpose. A reserve for depreciation is 
usually set up regardless of the method of figuring the depreciation. The 
sinking-fund method is interesting in that it indicates the nature of the 
depreciation problem from another angle, but it has found little accept- 
ance in industry. 

3. The percentage-on-diminishing-value method reduces the annual 
depreciation charge in that each yearns depreciation is subtracted from 
the preceding yearns value of the equipment to establish the new reduced 
base for the ensuing year. If 5 = the salvage value of the equipment at 
the end of n years and C — the original total cost of the machine, then 
the annual rate r to be applied to the diminishing value is found as fol- 
lows: r = 1 — s/C. This system places a heavy charge on the earlier 
years of the life of the machine, as, of course, it is designed to do. It 
leaves an insignificant charge for the later years of the life of the equip- 
ment. 
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4. The machine-hour method of figuring depreciation is founded on the 
theory that depreciation is proportional to use. The estimated number 
of hours the machine may be used~'before replacement is taken as the base, 
and this figure is divided into the kmount to be depreciated to get the 
machine-hour rate of depreciation. This amount is then charged as a 
depreciation expense for each hour^s use of the machine. The system has 
much to commend it but has not received wide acceptance in practice. 
As a matter of fact, the straight-line method of depreciation is the one in 
most common use. 

Using Cost Data 

Use of co9^ inf ormation. If new functional departments are con- 
structed or if development programs are undertaken, the cost system 
must allow computation of the savings effected through the changes. 
Otherwise these new departments or new work may have difficulty in 
establishing and holding the esteem of other branches of the business, 
particularly any that opposed the change before its introduction. Thus, 
if job-study work is developed, it is most desirable to be able to balance 
the cost of taking the studies against the savings achieved through lower 
unit costs on the operations studied. If a planning department is insti- 
tuted, it should be possible to know the savings in direct and indirect 
labor in the factory departments which have resulted from the expendi- 
tures incident to the creation of the planning force. Such information 
becomes of particular value when extension of planning work is contem- 
plated, since it answers opposition successfully when the planning depart- 
ment has proved its value, but it prevents hasty extension when condi- 
tions demand a higher degree of success with work already undertaken, 
rather than the assumption of new work. 

The cost-accounting department should be in a position to furnish 
valuable statistical information, or, if there is a separate statistical de- 
partment, to give this department the basic data from which the statisti- 
cal information may be gathered. The personnel department should be 
able to gain accurate information concerning the actual cost of replace- 
ment of workers. Such information can be secured most logically from 
the cost records. Although the data may be taken off the production 
records by the planning department before they are turned over to the 
cost department for Costing, nevertheless this is primarily a cost problem. 
Such studies are only samples of the way in which cost information may 
be utilized. 

In periods of depression when the payroll must be cut at all hazards 
and regardless of ultimate cost, departmental analysis of costs which 
indicate savings effected under different operating conditions, as well as 
actual expenditures^ makes possible intelligent pruning of the payroll. 
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rather than using the hit-or-miss methods which are inevitable if analyzed 
data are not available. 

Standard costs. In standard-cost systems the normal expenditure for 
material, direct labor, and overhead charges for a given product or for 
a number of hours^ production in a given department is computed. This 
allows the elimination of much detailed cost analysis and at the same 
time permits adjustment at the end of a period through the totaling of 
actual departmental cost during the period and comparison with the 
normal or standard cost. If the actual cost of a given job performed 
during the period is wanted, the figure may be secured through applying 
the ratio for the period between the normal and the actual cost of all 
jobs to the particular job in question. Such a system is valuable because 
it permits the formulation of long-run production and sales policies which 
are not disturbed by minor fluctuations in operating conditions, and 
furthermore it makes possible the separation of normal production costs 
from costs which are due to the position in the business cycle or to general 
efficiency or inefficiency in the management as a whole. 

If an attempt is made to secure an absolutely accurate cost on each 
order, a cost that will currently absorb all overhead or indirect charges, 
a fluctuating cost necessarily results, making difficult the determination 
of long-run business policies. With a plan of standard costs, prices re- 
main fairly constant, and losses or gains in operation are directly charge- 
able to the general business accounts which are responsible for them 
rather than to the departmental or other accounts which have had no 
responsibility whatever for the conditions as they exist. Thus volume 
of business comes to be figured in terms of hours of production and quan- 
tity of product, rather than in terms of dollars of business. This is a far 
more accurate estimate, because the basis of dollars of business is always 
likely to include a more or less constant fixed overhead burden. 

Under many cost systems in which overhead costs are largely prorated 
as business is carried on, these costs have not been added in suflScient 
quantity when business was good, thus cutting down selling prices and 
prohibiting the establishment of a reserve for bad times. Similarly, they 
have been added too heavily in times of slight production, with the result 
that costs have increased as selling has become more difficult. Frequently, 
managers have realized the impracticability of spreading overhead over 
a greatly diminished product and have charged a large share of it directly 
to the profit-and-loss account. They have less commonly kept their 
overhead up during times of prosperity, so as to create for themselves a 
reserve to which they might charge the unabsorbed overhead in times of 
depression. 
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Idleness expense. The reports on costs of idleness give the general 
management much information with which to direct its general policies. 
If the plant is operating on a part-time schedule only, the cost of main- 
taining the idle portion of the plant must be either absorbed in the selling 
price of such articles as are manufactured or charged directly to profits. 
Of course, overhead expenditures must be taken care of ; but, if they are 
absorbed in the product being manufactured, the causes of idleness and 
of the increased unit overhead charges are not likely to be brought to 
the attention of those in a position to correct them. If these charges 
are directly listed under some such heading as idleness expense, they 
will force th^ftselves to the attention of the chief executives for correc- 
tion, and selling prices can be fixed to include some of this cost of idle- 
ness or to exclude it entirely, as may be deemed wise under the prevail- 
ing conditions. This policy will be determined largely by considering 
whether the product can be sold in competition if the expense is added. 

The planning department not only is able to furnish the cost depart- 
ment with information concerning idle equipment but also is in a position 
accurately to determine the cause of the idleness. It remains for the cost 
department merely to compute the cost of idleness and to submit reports 
to the executives responsible. These executives may then take the neces- 
sary remedial action in an attempt to reduce or eliminate the existing 
idleness. Of course, the necessary information concerning causes of idle- 
ness can be secured without reference to the cost department, but the 
inclusion of cost figures not only gives the information attention value 
but also permits comparison with the cost of taking steps to remedy the 
conditions causing the idleness. 

Fixed and variable costs. Variable costs, which change almost in 
proportion to the amount of business done, include direct wages, direct 
labor, and certain types of indirect expenses, such as the salaries of minor 
executives, who are easily dropped in times of poor business, and income 
taxes, which vary almost directly with business done. Fixed costs remain 
constant, almost irrespective of the amount of business done. These 
costs include not only the salaries of major executives, but also interest on 
investment, particularly borrowed money, taxes on property, and certain 
obsolescence charges on both materials and equipment. Cost reports 
should clearly differentiate between these fixed and variable costs. Al- 
though the rendering of idleness-expense reports will partially cover this 
field, nevertheless both the cost department and the interested executives 
should bear in mind constantly this distinction between variable and 
fixed costs. Any reports that clearly separate them will be of major 
assistance in the formulation of sales and production policies and of 
administrative budgets. 
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During the determination of major policies fixed costs must first be 
covered by receipts from sales in income computation. Thus, if fixed 
costs are $2000 per week and sales are $5000 per week, a balance of 
$3000 is left for the payment of variable costs and profits. Although 
variable costs vary with the volume of goods sold, for any given unit of 
goods they remain practically constant; that is, for 50 units they will be 
practically double the amount for 25 units. Variable costs differ pro- 
portionately with the amount of goods produced. The approximate 
variable cost per unit may be readily determined. If we assume that 
the $5000 of sales represents 50 units of product, the variable cost of 
which is $60 per unit, a variable cost of $3000 to be applied to the week^s 
sales is obtained. Inasmuch as this is the exact amount remaining after 
deducting fixed costs from sales, it follows that the week’s business was 
done practically at cost. If $7500 of business was done, $5500 would 
remain to be applied to variable costs, which at $60 per unit would be 
only $4500, with $1000 remaining for profit. If $4000 of business was 
done, there would remain but $2000 to be applied to variable costs, which 
would be $2400; there would be a loss of $400 on the week’s business. 

In most businesses the computations are not quite so simple as those 
in the illustrations, inasmuch as fixed costs do not remain exactly fixed, 
and variable costs may not remain the same per unit of product. As 
production increases, the variable cost per unit is likely to decrease some- 
what. Possibly some other variable costs also decrease slightly. In some 
cases these variable costs of different types will have to be segregated 
in the cost reports. Tables can be prepared which will indicate the vari- 
able cost per unit at different points in the production scale, as well as 
modifications in fixed cost which are likely to occur as production changes. 
With these data the general management will be in an excellent position 
to determine general sales and production policies, although the informa- 
tion thus obtained will not be exact enough for the accurate fixing of 
selling prices. Thus a consideration of fixed and variable cost is useful 
mainly as a guidepost for the formulation of major business policies. 

Budgeting and the cost system. In making the budget, the cost records 
of past years give dependable information, but the current cost figures 
must be utilized in laying out the program for the months to come. 
During a budget period cost records can be carefully analyzed only in 
the light of the budget, which was prepared as a goal. The cost record 
becomes the progress report on obligations fulfilled by department heads 
and permits modification of operating procedures or change of business 
plans during the course of a budget period. This fact indicates the neces- 
sity for developing cost records in accordance with the organization of 
the business. 



422 MANAGERIAL CONTROL THROUGH COSTS Ch. 30 

Standard costs are a valuable aid in budgeting, although it is possible 
to use the budget without standard costs.^^ Although no particular phase 
of sound management will alone insure successful operation, all operating 
decisions must in the end be based on costs. Thus cost becomes the basis 
on which the expediency of management policies and decisions is deter- 
mined. Costs must be accumulated not only accurately but also in a 
manner which permits their utilization for the formulation of manage- 
ment policies and the execution of management programs. 

12 See Paul E. Holden, Lormsbury S. Fish, and Hubert L. Smith, Top- Management 
Organization and Control, Stanford University Press, Stanford University, 1941, pp. 
152-161. 
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Classification defined. A classification is a detailed, systematically ar- 
ranged list of all items pertaining to a particular phase of a business or to 
all the various phases of a business. Classification, under modern busi- 
ness conditions, is a necessity, and the merits and results of classification 
should not be confused with the advantages of the various systems of 
symbolization which make the classification usable in the day-by-day 
operations of the business. 

It will be recalled that classification is one of the basic steps in scien- 
tific methodology. These steps may be restated as follows: 

1. Observe accurately all the facts involved. 

2. Classify and combine all the facts on the basis of some common relationship or 
relationships. 

3. Interpret the relationships in terms of a law or statement explaining the ob- 
served relationships. 

4. Test the formulated statement or law and note any deviations. 

The use of classification. Classification facilitates interpretation and 
ease of reference of seemingly unrelated facts. Not only are known data 
rendered usable by classification, but also unknown relationships have 
been hypothecated in terms of logical interpolation of the known ones. 
Satisfactory wage rates for new operations have frequently been estab- 
lished by reference to classifications of similar work. New jobs have 
been evaluated in terms of established classifications. 

When the number and variety of records that are necessary in the 
modern organization are considered, it becomes apparent that a definite 
classification of the data pertaining to the various activities is necessary. 
Otherwise, there are likely to be duplication and overlapping in the col- 
lection of such data. Classification within a business makes possible the 
establishment of a system that makes record collection routine. 

The advantages of classification development are as follows: 

1. It clearly indicates the plan of organization, in that it shows the relationship of 
divisions and departments and interprets the limitations of their activities. 

2. It establishes a method for obtaining the information necessary for the opera- 
tion and control of an effective accounting system, facilitates the collection of data 
pertaining to indirect expenses and manufacturing costs, and aids the establishment 
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of monthly inventory balances of stores, materials in process, worked-material stores, 
and finished products. 

3. It aids in standardizing the arrangement of articles in storerooms and prevents 
the incorrect issuing of articles, such as often happens when names or shop terms are 
used on the requisition. 

4. It furnishes a means for routing and controlling material in process by accurately 
designating the materials, machines, work places, and operations entering into each 
process or component part. 

5. It makes possible the collection of detailed information relative to buildings 
and equipment. 

6. It provides a logical system for the filing of all data. 

7. It aids materially in showing tendencies; thus a comparison of performance over 
a period of tim#iior any operation or activity shows the direction in which this item 
is moving. A comparison of classified expense items invites managerial approval or 
action. 

8. It aids the development of standardization. The word is here used in the spe- 
cial sense of the determination of the best method or the best material to use for 
any given purpose under existing conditions, and strict adherence to the best as a 
standard until a better standard is found. In almost every instance in which classi- 
fication is applied, it will be found that a large number of almost similar articles are 
being used for similar purposes. In order to reduce the amount of classification work, 
if for no other reason, there will be a tendency to reduce the number of items. This 
reduction helps to create standards. When a particular item is ascertained to be the 
best, it is adopted, classified, and recorded. 

The basis of classification. The first consideration in the determination 
of the basis of classification is the expected use to be made of the classi- 
fication. A second consideration, unless it is definitely predetermined 
that the classification is for temporary use only, is a provision for expan- 
sion. Often a different basis will be used for a classification for a specific 
purpose of temporary duration than for a permanent classification. A 
few of the bases for classifying raw material are illustrative of the range 
that is possible. 

1. Classification by the nature of the materials themselves, such as liquids, solids, 
gases; acids, bases, salts; metals, woods, ceramics. 

2. Classification by the use to which they are put or the purpose served, such as 
direct materials and indirect materials, mechanical rubber goods and automobile tires, 
tubes, and flaps. 

3. Classification according to the location of the plant or department where the 
material is used. This method may be in use if two or more plants in the same area 
are under the same general management but are operated as separate units. 

Classification by the nature of the material is by far more universal 
and is capable of indefinite expansion into a logical system. Such a 
system may be complicated for a relatively small plant, but in large, 
complex institutions it is often a necessity. Classification on the basis 
of the use to which materials may be put is simpler for smaller organiza- 
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tions, and to the mind of the average workman untrained in the tech- 
niques of classification this system has a strong appeal. It seems logical 
to him to associate the material with its use. As far as the worker is 
concerned, classification by location is similar in many ways to classi- 
fication by use. 

For cost purposes it is highly desirable to apply labor cost to the 
product on which the labor is expended. From a control angle, labor 
may be classified as direct or indirect. In terms of the employment 
office, labor may be grouped as unskilled, semi-skilled, or skilled. On 
the basis of job classification for wage payment the items of skill, length 
of training required, hazards, unsatisfactory working conditions, such as 
the presence of heat, dust, or water, and wage customs may all be com- 
bined to establish a graph on which the various occupations are placed. 
Regardless of the given base used for classifying any material, product, 
service, or persons, attention should be devoted to whether the basis 
selected is adequate and whether it is capable of expansion to meet chang- 
ing conditions. 

Developing a classification. The first step in the development of a 
classification is to list every element of the business with infinite detail, 
taking into consideration all existing departments, all materials in stores 
and in process, all finished products, all work places and machines, all 
operations performed, all fixtures and tools, all buildings, and all possible 
sources of expense. After the preliminary data have been gathered, the 
subjects to be classified are divided and grouped into a number of main 
classes, each of which is designated by either a number or a letter, depend- 
ing on the method used. Each main group is then subdivided or further 
described to the extent that is necessary. After each group and subgroup 
has been formed and carefully revised, the attaching of symbols to each 
item may be begun. 

Simplicity is the keynote of good management. Care should be taken 
not to subdivide the main groups any more than is actually necessary; 
otherwise the symbols will be long and possibly unwieldy. On the other 
hand, simplification of the classification should not be carried to such an 
extent that confusion or misunderstanding will result. 

Care should be taken to classify and symbolize no more features of the 
business than will actually be utilized daily when the standard nomen- 
clature has been built up. The cost of classification is heavy, although 
the return on the investment is large. Certain fundamental features 
can be used in almost every classification, but there are others in which 
nicety of judgment must be exercised before deciding whether to incorpo- 
rate them. For instance, almost every plant has need for some control 
over its raw materials or parts in process in the storeroom. To secure 
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this control it is necessary to establish a method of requisition with- 
drawal from the storeroom. As soon as this method is introduced, stand- 
ard nomenclature generally becomes a very useful mechanism, both for 
the location of the article itself in the storeroom and for the abbreviation 
and simplification of the clerical work attached to the writing of requisi- 
tions. 

An example of when not to use too much classification can be found 
in almost any of the continuous or analytical industries which handle 
a single material from start to finish. In such an enterprise an elaborate 
classification for routing, including identification of all materials in proc- 
ess, finished jgroduct, machines, and work places, might be expensive, 
burdensome, and unworkable. On the other hand, an involved assembly 
industry is lost without a good routing classification. The classification 
of duties and functions of individuals has not been carried so far as the 
classification of the other aspects of industry. In recent years, however, 
considerable attention has been given to job classification ^ and some 
attention to the personnel audit, which is based upon careful classification 
of all jobs or occupations. 

In establishing a classification system many unforeseen ^^kinks^' will 
probably develop, and provision should be made for quickly investigating 
and correcting any difficulty. A classification is useful only to the extent 
to which it is kept up to date. An accurate record of all persons holding 
copies of the classification should be kept, so that, when changes are made 
in the original classification, arrangements can be made to have additions 
and changes entered on all copies. This problem can best be handled 
by the methods or research department, if one exists ; in some institutions 
the production-control division has charge of this function. 

Identification. It is impossible to have a workable classification with- 
out a system of identification. The simplest form of identification, which 
is the use of the regular name for the article or service identified, may 
be satisfactory in a small institution having only a few items; however 
it is extremely burdensome, wasteful, and subject to error when applied 
on a large scale. Identification is accomplished also by the use of signs 
or symbols, numbers, letters, or a combination of these with words. In 
actual usage these name substitutes become quite as well known as the 
name itself. Probably the best-known use of symbols, familiar to high- 
school students, is the chemical formula. 

Plants, buildings, production centers, machines, trucks, products, many 
parts, forms, and various accounts are often assigned an identification 

^See American Management Association, Personnel Series, No. 39, pp. 17-22; also 
Industrial Management Society, Occupational Rating Plan for Hourly and Salaried 
Occupations, 1937. 
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other than their common names. Such a procedure promotes 'precision 
and accuracy and materially reduces the chance for error when once the 
identification symbols or numbers have been firmly established. The use 
of appropriate identification numbers greatly reduces the amount of 
clerical writing necessary in connection with records of parts, materials, 
and operations. It is customary in production control to refer to the 
operations in sequence, as well as to the machines upon which the various 
operations are performed, by appropriate identification numbers. The 
use of numbers to identify labor operations and materials facilitates 
machine tabulation of cost data. An adequate system of classification 
and identification is both a convenience and a necessity in large-scale 
mass production. 

Broadening the use of the system ot identification. In some companies 
one system is used by the sales department, another by the product- 
design or the engineering department for blueprints, a third by the pro- 
duction-control and the manufacturing division, and still a fourth by 
the accounting department. Needless to say, such a program entails a 
great amount of editing when orders are received and costs are accumu- 
lated. At times there may be good reason to use one set of identifications 
for sales when these numbers have become well established in the trade. 
Nevertheless the ideal would be to have the same identification system 
used throughout the company. This is possible if the respective heads 
of all interested departments collaborate in setting up the system. Tabu- 
lating equipment is becoming increasingly popular in collecting cost data 
and production control. Such equipment requires that numbers be used 
for identification. On installing such a system, it is highly desirable to 
standardize the system of identification throughout the company if pos- 
sible. 

Systems of identification. The various systems of identification that 
have been widely used are as follows: 

1. Alphabetical: the use of a letter or a group of letters according to some pre- 
determined scheme. 

2. Mnemonic: the use of letters in some such combination that they suggest the 
classification name of the particular item. Numbers may be combined with letters 
in the mnemonic system, particularly to suggest size or some generally accepted 
standard. 

3. Numerical: the use of numbers to identify the particular item. 

4. Sign: the use of symbols or signs to indicate items or operations. These have 
been extensively used in motion-study techniques. 

6. Combination: the use of any of the foregoing systems in combination with any 
other one or all others to identify a particular item, service, or operation. 

Frederick W. Taylor and his associates contributed the mnemonic sys- 
tem of identification to scientific management. The most valuable aspect 
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of this system is that it may be expanded to classify and symbolize every 
single phase and item of a business in a way that makes' the nomenclature 
a unified whole without repetition of symbols. Another great advantage 
is that the mnemonic system, as its name suggests, aids the memory by 
suggesting the classification name. To illustrate, ML signifies mill; 
GR, grind; AM, material accounts; and DP, punch-press department. 
This system is of such general application that it is discussed in detail 
in Appendix B. 

Letters have been used extensively to identify buildings and depart- 
ments. It is but a simple step to progress from single letters to com- 
binations. Many of these were worked out before the introduction of 
the logical mnemonic system. For instance, Department A in Building B 
may be known as BA, the building being always written first. If there 
is more than one sinjilar department in a building, numbers may be 
added to indicate the different departments; thus in a rubber plant BA 
may stand for a pressroom in which miscellaneous sizes of tires are cured, 
and BAl may indicate a press room in which only one size of tire is run, 
such as those tires used on the Ford or Chevrolet. Drawings, parts, and 
cost classifications may also be designated by letters. Unless a logical 
system is worked out, letters become unwieldy in a large institution 
having many items to be classified. 

At least three systems utilize numbers for identification — the use of 
consecutive numbers, the assignment of particular groups of numbers to 
certain well-established classifications, and the Dewey decimal system. 
The use of consecutive numbers is simple and may be satisfactory in a 
limited way for such items as general notices to the plant. When the 
number of items is great, consecutive numbers are not satisfactory unless 
accompanied by a cross-indexing system for ease of reference. 

The assignment of certain groups of numbers to established classifica- 
tions is a well-known system and, when scientifically worked out, is 
capable of indefinite expansion and is entirely satisfactory. This system 
is widely used in accounting. A simple allocation of numbers might well 


be as follows: 

1. Departments 1-199 

2. Asset accounts 200-299 

3. Liability accounts 300-399 

4. Revenue accounts 400-499 

5. Expense accounts 600- 


By a proper combination of numbers a logical system can be built up 
that soon becomes generally known throughout the organization. Certain 
positions indicate specific classes or groups. For instance, the first two 
numbers usually indicate the class of machine and the last two the ma- 
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chine number within the class, as follows: 0501 — automatic-feed turret 
lathe, 1; 0502 — automatic-feed turret lathe, 2, etc. Every phase of the 
enterprise can be readily classified by proper analysis and thought. (See 
Appendix B for a detailed explanation of this system.) 

The Dewey decimal system is best known in library science. It has 
been used in industry but has few if any advantages over the use of 
assigned numbers to certain classifications and has the disadvantage of 
increased possibility of error through misplacing the decimal point. This 
error may be obviated by omitting the decimal point and indicating its 
position by the use of zeros; thus 015 is used instead of .015. However, 
in such numbers as 00019 it is very easy to omit one of the zeros. 



PART VIII 


MATERIAL AND PRODUCTION CONTROL 

CHAPTER 32 

INVENTORY CONTROL 

Types of inventories. The main types of inventories in most industrial 
enterprises are: (1) mw material, (2) material in process, (3) finished 
products, and (4) supplies. Supplies are often classified as raw material. 
To the individual manufacturer, raw material consists of all items which 
go into his product and on which he has not performed operations, such 
as brass rods, sheet metal, or parts purghased from outside suppliers. 
Material that has not undergone any major change since its receipt is 
usually classified as raw material. Material in process is material that 
has been processed in part but as yet is not ready to be shipped to the 
consumer. Material in process may be in any stage of completion, from 
the material issued by the stores department but as yet having no opera- 
tion performed upon it, to finished material still held in the production 
unit ready to be turned over to the stockroom or not yet reported to the 
control division as ready for shipment. Finished products have been 
completed and are ready to be shipped to the consumer. Where there 
is a separate stockroom or shipping department, the product is considered 
a finished product when it is turned over to this unit. Supplies are all 
the materials that are used as aids to production but are not part of the 
product itself. Such items as oil, sandpaper, and polishing compound 
come under this heading. Sometimes small tools such as knives and hack- 
saw blades may be classified under the general heading of supplies. 

The need for inventory control. The stores and partly finished stock 
on hand often represent from a quarter to a half of the capitalized value 
of the business. Wastage, obsolescence, or poor purchasing may quickly 
wreck a concern through inventory losses. Poor control of materials is 
frequently accompanied by poor storeroom administration in a way that 
may easily throw out of balance any operation programs which have 
been adopted. 

If the business is budgeted, or if only sales and production programs 
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are adopted, it is essential that an inventory control be set up which will 
provide material as it is needed but will not at the same time tie up large 
sums of capital which might be used in operating the program. No 
complete system of budgeting can be successful unless effective inventory 
control has preceded it. Otherwise production obligations cannot be met 
by the manufacturing department, at least within the allowed cost. The 
daily routine of cost accounting, with or without an administrative budget, 
demands that material be controlled accurately and intelligently. 

Losses from inadequate inventory control. Losses from improper con- 
trol of inventories include purchases in excess of needs, the costs of slowed 
up production resulting from material not being available when wanted, 
and losses through improper diversion of material, either wastefully or 
willfully. The losses due to excess purchases provide a continual argu- 
ment for small stocks, and the losses due to production tie-ups furnish 
a strong motive for large stocks. It is between these two conflicting 
forces that a balance must be struck. Proper inventory control will re- 
duce costs arising from any of the foregoing causes. 

Excess purchases entail not only the losses in interest and inability 
otherwise to utilize tied-up capital, but also direct loss from depreciation 
on the material and frequently from obsolescence, which may be so great 
that high-priced goods will have to be sold for the price of waste or junk. 
Particularly in standard products, charts provide a means of eliminating 
expensive overpurchases. Overordering is costly on a stationary mate- 
rial market, and in a falling market it conceivably may lead to bank- 
ruptcy. Damage and deterioration due to overstocking must be reckoned 
with. Excess quantities frequently encourage poor storing and unneces- 
sary transporting and handling within the plant, with consequent damage 
to materials and increased costs. Furthermore, many articles, such as 
foodstuffs, drugs, and rubber, deteriorate with age; this fact may mean 
a substantial loss of all materials purchased above relatively current 
requirements. 

To promote smooth factory operation and to prevent piling up of idle 
machine time, proper material must be on hand when it is wanted. If 
material is not available in continuous-process industries, temporary shut- 
down of a large portion of the plant may result. In any plant in which 
operations, machines, and orders have been finely balanced, this will 
mean untold confusion. The storeroom is a service department, and 
prompt delivery of materials to the manufacturing floor is all-important. 

Improper diversion of materials through excess use is commonplace 
in many plants; it has been eliminated in as many others. Frequently 
material is thrown away, lost, or damaged while in process, without any 
record providing a check. One cause of this condition is the plant^s allow- 
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ing excess material to remain in the production department to be used 
on future orders, rather than having it returned to the storeroom. This 
practice is common in fabricating plants, where cartons of raw material, 
the product of other plants, are used extensively. 

In such shops issuances are not closely checked in the storeroom or 
elsewhere against production orders, and thus standards of consumption 
are for the most part lacking. In other shops, if the workman damages 
material, he can usually receive an additional supply from the storeroom 
without much questioning. 

Direct thievery, although important, is usually the smallest source of 
loss from imp«^per material control. In some plants workmen have un- 
controlled access to the etoreroom. This freedom sometimes results in 
startling losses, especially of materials that are easily disposed of to 
pawnshops or junk dealers or that can be used in the workers^ homes. 
To protect materials from thievery is an obvious function of any stores- 
control system. 

Essential steps in inventory control. Effective inventory control, 
which, together with good methods of storeroom and purchasing-depart- 
ment operation, can eliminate most of these losses, requires the following 
steps: 

1. Fixing minimum quantities, or ordering points, and maximum quantities, or 
amounts to order, on all materials. 

2. Arranging a method for allocation of material to orders which are in process or 
are contemplated. 

3. Creating stores accounts, which will control the storeroom and not be controlled 
by it. 

Maximum and minimum quantities. No scientific approach is possible 
without establishing maximum and minimum quantities for all important 
items. If an ordering point and an ordering quantity are set, the maxi- 
mum inventory will automatically be determined. The ordering point 
usually is not the minimum inventory, but somewhat higher than the 
danger point or minimum. It is sufiiciently above the minimum inven- 
tory to allow for issuing the production or purchase order and for fabri- 
cating or processing in the plant or, if purchased, for delivery by a vendor. 
For control purposes the ordering point is more important than the mini- 
mum inventory. The maximum inventory is approximately the sum of 
the ordering quantity and the minimum inventory. It will exactly equal 
these two quantities if the ordered material is delivered just when the 
minimum inventory is reached. Such precision seldom is realized in 
practice, and as a result the maximum inventory is nearly always some- 
what higher than the theoretical figure. The same is true of the minimum 
inventory. Under actual operating conditions the inventory may fall 
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below the minimum. This is a danger point and is a signal for a close 
follow-up to avoid a tie-up in production. When there are large numbers 
of articles, it will be well to divide them into broad classes, in all of which 
the individual articles will have maximum and minimum quantities con- 
trolled by the same factors. The factors which determine the maximum 
and minimum point for each article of stores may be divided into two 
broad groups. First is a group applying to all articles carried, such as 
general business conditions and the prospects of the particular business. 
Second is a group of factors directly dependent on the article itself. These 
are somewhat intertwined with the first group, but may cause special 
treatment for some particular material. 

Predicted consumption during a given period, as indicated by general 
market conditions, by the state of health of the concern, and by the 
announced policy of the firm toward lines being manufactured, forms a 
basic consideration which is reflected in all other factors. In periods of 
increasing production and great market demand, ordering quantities may 
be increased, and the minimum frequently must be raised. If business 
conditions are the reverse, the minimum generally must be lowered. A 
major factor to be considered at the same time is the probable trend of 
prices in the commodities to be purchased. This trend may or may not 
follow general market conditions. Two more general factors peculiar to 
the business are the condition of its finances and available capital and 
the extent of storage facilities which are available. In considering this 
second factor, the cost of new storage facilities, or interest thereon, must 
be balanced against the cost of carrying inventories which the present 
storage facilities can handle. Changes in the line of product, particularly 
standardization programs in process of development, may easily be the 
most important of these factors which are general to all materials carried. 

A number of factors peculiar to each article must be considered sep- 
arately for each : 

1. The consumption of that article over a past i)eriod must be considered in con- 
nection with the general factors just mentioned. 

2. There is a profitable manufacturing or ordering quantity. The ordering quantity, 
particularly on special goods, indicates the profitable manufacturing quantity in the 
vendors’ plants. These quantities can best be determined by experience and quota- 
tions. Ordering quantities must always be set with due regard to commercial usages. 

3. Probable depreciation or obsolescence will influence the amount that should be 
carried in stock. 

4. On small, inexpensive items the clerical cost of ordering, receiving, and payment 
of bills may cause an increase in the ordering quantity. 

5. The time necessary to secure the article after requisitioning must be considered. 

On purchased goods for which there is a regular source of supply, the 
time required will include the period after the shipping date, as promised 
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by the vendor, during which the article is being transported to the user^s 
plant. On worked materials, it will be dependent on the time taken to 
work up a manufacturing order for the ordering quantity within the 
plant itself. The work situation in the plant will greatly influence the 
time required for the plant to produce a given part or assembly. 

The first step in inventory control has been taken when the ordering 
point and ordering quantity have been set. On standard products, made 
to a manufacturing schedule, these may often be set in a much simpler 
way by establishing production requirements for a given length of time 
as the ordering point, and production requirements for another stipulated 
time as the ordering quantity. 

Computing economic lot sizes. The minimum unit cost for a given part 
or material is the desired goal of ordering on the basis of the economic 
lot size. This point occurs when the total preparation costs for the quan- 
tity to be produced are equal to the total average inventory-carrying 
charge. One large manufacturer in Chicago developed a formula for the 
control of manufacturing lot sizes, and then the management reduced 
these lots arbitrarily twenty-five per cent as a matter of being conserva- 
tive and for the reduction of inventories. The critic would say that this 
procedure is not scientific, and this is true. On the other hand, it has 
much to commend it over no method of control other than mere custom 
or past experience that has not been critically evaluated. A formula that 
is satisfactory for all plants has not as yet been developed. This situa- 
tion is not essentially different, however, from that existing in many 
other phases of scientific management. Even within the same plant, 
routines must be modified to meet the requirements of the specific con- 
dition to be served. The same flexibility must exist in connection with 
the formula used for the determination of the economic lot size to be 
manufactured. 

The formula used by the manufacturer mentioned in the preceding 
paragraph is as follows: 



in which Q = economical lot quantity in units. 

P = preparation costs in dollars, consisting of the clerical cost of 
preparing the order as well as setup and dismantling costs. 
R = requirements in units on an annual basis. 

C = cost of part in dollars per unit. 

I = carrying charge in percentage per year.^ 

1 See John MacDonald Gifford, Procedure Control of an Electrical Manufacturing 
Organization, p. 76 (thesis, School of Commerce, Northwestern University, 1939). 
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The preparation costs are made up of two parts, namely, (1) the order- 
ing cost, which includes all planning and clerical costs, and (2) the 
machine setup cost. The requirements in units on an annual basis are 
usually taken from the master budget or master schedule. This figure 



Fig. 32.1. Unit costs, showing the economical lot. 


3an be only an estimate. The carrying charge (/) expressed as a per- 
centage of the cost of the economical lot includes such items as interest 
on the investment in inventory; taxes; stockroom expense — storage, etc.; 
depreciation; and obsolescence. This carrying charge is frequently as 
high as twenty per cent or higher. Figure 32.1 illustrates the decreasing 
cost of preparation with increase in the size of the lot, as well as the 
increasing carrying cost of the increased lot. 
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Data regarding the economical lot size for a given concern are fre- 
quently expressed in the form of a chart from which the desired lot size 
can readily be taken. As was stated at the beginning of this discussion, 
the economical lot-size formula is not of universal application but must 
be derived from the facts in a given situation. In any case the use of 
the economic lot is of value primarily when ordering for stock and not 
in continuous manufacturing. 

The balance-of-stores sheet. The other steps in inventory control are 
taken through the use of a balance-of-stores sheet, such as that in Fig. 
32.2. Such a sheet actually serves as a basis for controlling the storeroom 
and is not m^ely a record of material on hand or a perpetual inventory. 
Many forms of balance-of-stores sheets have been devised to meet indi- 
vidual operating conditions, but all that furnish the necessary control 
are uniform in providing four important balance columns, which actually, 
together with the maximum and minimum which have been set, control 
the inventories. These balance columns (see Fig. 32.2) are headed ^^Or- 
dered,^' ^^Balance on Hand,^^ ^^Apportioned,^^ and ^‘Available.^^ ^^Appor- 
tioned’^ is frequently called Applied on Orders.^^ Under either name, 
it denotes that material which has been allocated to given manufacturing 
orders but has not yet been withdrawn from the storeroom. 

The Apportioned column insures that steps have been taken to have 
the material available when wanted for manufacture and successfully 
eliminates the practice of relying on the same lot of material to fill two 
orders. Unless materials are applied as delivery dates are stated and 
schedules for manufacture are prepared, it becomes likely that the plan- 
ning department will depend upon the same materials for two purposes. 
The Available column indicates the amount of material which is still 
available for assigning to orders. The last balance in this column, rather 
than the balance in the On Hand column, is continuously compared with 
the stated minimum to determine when to order. If this were not done, 
goods well above the minimum might be on hand but might be ordered 
into production immediately for orders already in the plant, to such an 
extent that the danger point might be reached and passed long before a 
new supply of goods could be secured. This balance sheet provides a 
continuous check of its own accuracy, inasmuch as Column 1 (Balance 
Ordered) plus Column 3 (Balance on Hand) should always equal Col- 
umn 5 (Balance Apportioned) plus Column 6 (Balance Available) after 
any transaction has been entered. 

To indicate clearly the operation of this sheet, which is basic in inven- 
tory control, the accompanying illustration will be explained. The ar- 
ticle, 2-inch hollow steel tubing, quality specification has had its 
minimum set at 800 feet, and the ordering quantity at 4000 feet. The 




Fig. Z22. Balance-of-stores sheet. 
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maximum is therefore 4800 feet. On June 14, when this sheet was opened, 
there was on hand a balance of 1500 feet, which was also available to 
be apportioned. The unit value of this material, as brought forward 
to this sheet, was 35 cents per foot. The first transaction was an issue 
to the shop of 600 feet, without previous apportionment. The next trans- 
action was a similar issue of 300 feet, which brought the Balance Avail- 
able below the minimum, and hence an order for 4000, the ordering 
quantity, was entered. Upon ordering, this amount is considered imme- 
diately available for apportionment, although it is not yet in the plant, 
and hence not ready for issue. (On commodities or in times when prompt 
delivery canqjgi|> be expected, it is unwise to consider material which has 
been ordered as available until it has been shipped.) On July 20, pro- 
duction order No. 3982 was entered, calling for 1200 feet of this article, 
which was immediatej^y apportioned to this order, and taken from the 
Available column, although the order was not yet placed in production. 
On July 28, 300 feet of this amount was issued to the shop for produc- 
tion, and therefore deducted both from the Balance on Hand and the 
Balance Apportioned. Next, on July 30, the material on order arrived, 
and was deducted from the Balance on Order and added to the Balance 
on Hand. The new material cost 40 cents per foot, and there was so little 
of the old supply on hand that the unit value of all the material was 
entered as 40 cents. The next transaction called for the issue of 600 
more feet of the material apportioned to production order No. 3982, which 
was deducted from the Balance on Hand and the Balance Apportioned. 
On August 20, production order No. 4071 was received, requiring the 
apportionment of 1800 feet, and making the Balance Apportioned 2100 
feet, and the Balance Available for apportionment 1600 feet. On August 
22 the remaining 300 feet apportioned to order No. 3982 were issued to 
production, again reducing the Balance on Hand and the Balance Appor- 
tioned. On August 27 an unexpected order (No. 4124) was received, 
calling for immediate production of articles requiring 1200 feet of tubing. 
This order was placed in production without delay, the full requirements 
being issued to the shop on the same day that the order was received. 
This again brought the Balance Available below the minimum, and an 
order was placed the next day for 4000 feet, despite the fact that there 
still remained in the storeroom 2200 feet, 1800 feet of which, however, 
was apportioned to order No. 4071. On September 11, 600 feet were 
issued to the shop for order No. 4071, thereby reducing the Balance on 
Hand and Balance Apportioned columns. On September 14, the 4000 
feet on order arrived, at a unit price of 38 cents per foot, thus increasing 
the Balance on Hand to 5600, while the Balance Available for appor- 
tionment remained at 4400. The total value of the 5600 feet on hand was 
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then $2160. This series of transactions illustrates the more important 
entries made upon this sheet and shows how intelligent control of inven- 
tories is possible, allowing in advance for all production needs without 
unnecessarily tying up capital in material on hand. It will be noted that, 
after each transaction. Column 1 plus Column 3 equaled Column 5 plus 
Column 6. 

The balance-of-stores sheets may be operated by any division of the 
business which the organization may feel is best from its standpoint. 
They may be kept in the general accounting office, in the storeroom, or 
in some portion of the production office^ preferably the planning depart- 
ment. Since the operation of the balance-of-stores sheets is primarily 
a function involving thinking ahead, and since it is so closely associated 
with control of production, the most logical place to operate it is a plan- 
ning department if there is one. 

The single stock-control card of the International Detrola Corpora- 
tion takes the place of the four cards formerly used by the corporation.^ 
It will be observed that this card is used in a mass-production industry 
which does not experience the complicated problems of a job shop. En- 
tries of shipments received are made when they arrive and are inspected 
(see Fig. 32.3). Daily usage is not entered, since total usage can be 
determined at any time by multiplying the number of pieces per product 
by the number completed to date. The cumulative total under the 
receipts columns is entered monthly in the monthly receipts and disburse- 
ments columns under the heading receipts. From this figure the cumula- 
tive total used is subtracted to obtain the stock status. A check of the 
stock status against the production schedule gives a quick, accurate fore- 
cast of the stock needed for the period in question. 

Visual control of inventories. The L. C. Smith and Corona Type- 
writers, Inc., of Groton, New York, has developed a visual method of 
controlling raw materials and finished-parts inventories (see Fig. 32.4). 
This control board is 7^2 feet long and 6^4 feet high. The horizontal 
lines running across the board represent weeks. These lines are num- 
bered from the bottom up by attaching a cardboard strip to the left side 
of the board. This strip also has the date by each line. Running ver- 
tically are a series of sets of different colored strings. These strings run 
clear around the board and are separated from each other by brads in 
the top and bottom board spaced % inch apart. Each string running 
around the board is composed of two parts; one-half of the length is 
white and the other half is blue for the right string, red for the middle one, 
and green where a third string is used in the set. Where the colored 

^See Factory Management and Maintenance, Vol. 104, No. 7, p. 105, for a detailed 
description of the use of this card. 
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string is tied to the white string, a knot is made. These knots as they are 
moved up or down the board graphically portray the status of the in- 
ventory. Across the face of the panel and outside the strings are three 
horizontal wooden sticks about % inch wide, % inch thick, and about 



Courtesy, L. C. Smith d Corona Typewriters, Inc. 

Fig. 32.4. Visible-index-inventory control room, L. C. Smith and Corona Type- 
writers, Inc., Groton, N. Y. 

3% feet long. These three sticks are clipped at the ends to the same 
strings so that they may be raised or lowered as a unit. The top stick 
is painted green, the middle one yellow, and the bottom one blue. The 
bottom stick is located on the board at the height that corresponds with 
the current calendar week and is moved up one space each week. The 
yellow or middle stick is located at a 4-week interval above the current 
week. This is the period allowed the planning department for issuing 
manufacturing orders, bills of materials, and instructions. The third or 
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top stick serves as a signal to the inventory clerk to place an order on 
the purchasing department for the stock in question when it, in its up- 
ward movement, overtakes either the green or the red knot.® The hori- 
zontal cardboard strips thumbtacked to the board about halfway up bear 
information about the identity of the stock and its use. 

Other companies use various visible index cards filed in the traditional 
index file or in some instances in a roller type of file. It would be diffi- 
cult to claim which type is best. Each fits a peculiar need and serves that 
special situation. 

Control of supplies. The same care should be exercised in disbursing 
supplies as in issuing regular production materials. This is true par- 
ticularly of such items as sandpaper, knives, and others that can readily 
find their way into workers’ lunchboxes. Frequently there are special 
storerooms for maintenance supplies as well as for office supplies. Both 
of these storerooms may not have sufficient calls to require a full-time 
storeroom man. In such cases the department clerk or someone else in 
the organization may be delegated to this task for part time. A very 
important function of the storekeeper of supplies (or of regular produc- 
tion materials) is the preparation of a periodic summarized report of 
slow-moving or obsolete materials. This report may well be duplicated 
and sent to all persons who may aid in disposing of this material. Fre- 
quently slight adjustments may make possible the using of obsolete ma- 
terial or the temporary substitution of a slow-moving item for a regular 
one. A close control over repair materials serves as a real aid to the 
purchasing department and frequently prevents overordering. Again 
such a control helps to eliminate- expensive delay by insuring that certain 
items regularly called for will be available. 

Taking inventory. An inventory may be taken by an actual physical 
count of all items at approximately the same time, by a progressive tak- 
ing of physical inventory, by balancing the perpetual inventory records, 
or by a combination of these methods. The disadvantages of the total 
physical inventory may be summarized as follows: 

1. It is taken only once or twice a year because of the cost and inconvenience in- 
volved. 

2. It is usually necessary to shut down the productive processes of the plant for 
the period during which the inventory is being taken. 

3. Accuracy is usually impossible. Speed is generally the paramount consideration, 
and no matter how highly organized the inventorying force, there are usually a 
number of omissions and duplications. 

® The third stick is located above the second stick a distance equal to the interval, 
usually from 8 to 16 weeks, required by the purchasing department to place an order 
and secure delivery of the material. 
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The second method that may be used for checking with book records 
is the progressive count. In the larger companies one or two men, or 
as many as may be required by the particular business, may be engaged 
continuously in counting materials on hand. In a smaller plant the serv- 
ices of a clerk in his spare time each day may suflBce. In either event, 
at given intervals of a few months all the material is checked. Checkers 
start at one part of the storeroom and make the round of the department, 
checking all the items in a certain number of bins each day, and com- 
paring them with the balance shown on the bin tag and in the stores 
ledger. 

The third, 5 ^p,d now practically universal basic, method of inventorying 
is through a book record or running inventory, such as the balance-of- 
stores record already described. This method provides a running inven- 
tory record of every article which is kept in the storeroom. Its advan- 
tages are the following: (1) The total inventory is found simply by taking 
off a trial balance of the stores ledger; (2) a record of the issuances of 
materials is afforded, and this may be followed up to see that the ma- 
terials were actually used for the purposes for which they were withdrawn 
from the storeroom. 

Even when a perpetual inventory is provided, the taking of physical 
inventory cannot usually be completely dispensed with. Neither banks 
nor the Internal Revenue Bureau will accept unchecked book inventories, 
and from the standpoint of the business itself such practice is unwise. 
A book inventory is never one hundred per cent correct, and it is fre- 
quently far from this ideal, because of both clerical errors and unavoid- 
able discrepancies between issues and issue tickets. In order to meet this 
situation some physical check of the book inventory is provided. Such 
a check does not involve closing the plant to take inventory but may be 
performed in one of the following ways. 

One method is to check material as it reaches the minimum which has 
been set. The taking of physical inventory at the low limit requires 
little time and work. If there are bin tags, it can be done by the store- 
keeper on his own initiative as he notices that the balance on the tag 
has reached the minimum. If there are no bin tags, the balance-of-stores 
clerk can make up a daily list of articles which his records indicate have 
reached the minimum, and this list can be made the basis for checking. 
Special provision may be made for checking items which have not reached 
their low limit during a period. Of course, in such cases the maximum or 
ordering quantity has been set too high and should be corrected. 

A well-ordered storeroom and system of storeroom operation can be 
thrown into utter confusion by two days^ use of lax methods. There will 
be frequently a temptation to depart from the procedure which has been 
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set up because of a rush of incoming material or because of a sudden 
need for certain material in the shop. The slight time momentarily saved 
in deviating from the standardized procedure will be more than nullified 
by the complications and losses which will ensue. 

Position of inventory control in the business. No method for the con- 
trol of stores is a substitute for business judgment. In fact, judgment 
must be carefully exercised in carrying on the control methods just de- 
scribed. No methods as yet devised will automatically increase a mini- 
mum on a rising market or decrease it on a falling market. Methods, 
however, provide a useful tool for the management and are a means to 
an end. Together with the balance of stores sheet, they form a very 
satisfactory basis for good inventory control. They must, of course, be 
supplemented by other management steps. 
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STOREROOM OPERATION 

Locating the storeroom and storage space. The storeroom should be 
centrally located in relation to the production floors on which the material 
is used. Thejatoreroom may consist of one room, one building, or a main 
room with subsidiary rooms advantageously located for the storage of 
special materials or materials for particular departments. The nature 
of the industry, the nature of the material, the site occupied, the situation 
and size of the buildings, and the arrangement of departments within the 
building must determine storeroom location. For instance, ease of re- 
ceiving through the use of gravity may place the storeroom for bulk ma- 
terials far from the point of their use, which may be reached by means 
of overhead cranes or conveyors at a lower cost for small lots of materials 
than for the large lots in which the materials are received. The use 
of material-handling equipment ^ has made storeroom location more flex- 
ible, as such equipment can be used to transport materials either to sub- 
sidiary storerooms or from a central storeroom to operating departments. 

The location of the storage space will depend on the nature and value 
of the materials to be stored and the rapidity with which amounts will 
be received and issued, as well as upon the point at which they will be 
placed in manufacture. Material such as paper pulp is too bulky and 
used too rapidly to be stored in bins. However, the storage problems con- 
nected with such materials can well be studied. For instance, paper pulp, 
instead of being stored in huge piles involving rehandling when needed, 
can be placed on platforms to be picked up by transfer trucks, each 
platform containing a standard quantity properly tagged to indicate lot 
numbers and specifications. 

Heavy materials generally must be stored on the ground floor, whereas 
light materials can be easily handled and can be fitted into almost any 
location that is otherwise desirable. Figure 33.1 illustrates the use of 
outside storage space for heavy castings. When castings have to be aged, 
outside storage is both advantageous and economical. Materials that are 
easily broken require facilities for protection, and this protection must 
take precedence in fixing the storage place. Similarly, valuable material 

1 See Chapter 13 for illustrations of the various types of handling equipment. 
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necessitates consideration of not only location but also safety. Some 
articles can be stored only under particular temperature conditions, and 
the storage place must be determined with temperature regulation in 
mind. Inflammable material often demands a separate storage space that 
not only will protect the material itself, but also will reduce the fire haz- 
ard for the remainder of the establishment. This may mean that a sepa- 



Oourteeps ** Factory Management and Maintenance'^ 


Fig. 33.1. Outside storage of steel castings saves valuable manufacturing space in- 
side. These medium castings beside the rough sanding building {right) are delivered 
by electric trucks to the planer department {main building in background) as rapidly 

as needed. 

rate building will have to be erected, or a sort of fireproof vault provided 
within the storeroom, possibly communicating with the remainder of the 
storeroom through double firedoors. 

Any plan for the location of a storeroom must be flexible enough to 
allow for growth and other changed conditions arising over a period of 
years. If such conditions cannot be foreseen, or if the material stored 
will be used only for a short period, it may be profitable to consider the 
construction of temporary storage facilities that can be changed readily. 

Types of materials stored. Storage space in a manufacturing enterprise 
must be provided for the following types of materials: 

1. Raw materials, properly termed “stores.” 

2. Supplies— materials used indirectly in production, such as oil, expendible tools 
and auxiliary items, nails, glue. 
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3. Partly finished materials, or stores on which some work has been performed. 
These are usually termed '‘worked materials” and may include finished components 
awaiting assembly or shipment to customers as replacements. Purchased components 
also fall in this general category. These may include any item made in the factory, 
as well as screw-machine products, etc. 

4. Finished products awaiting shipment, properly termed "stock.” Storeroom ar- 
rangement and operation must take into account the varying problems presented by 
these separate classes of goods. The term "stockroom” is often used to refer to the 
place where finished goods awaiting shipment are stored. 

Layout of the storeroom. The arrangement and layout of the store- 
room involve allotting space for more than the actual storage of the 
goods. For jHjQooth storeroom operation it is necessary that a section 
adjoining the entrance to the storeroom be reserved for the receipt of 
material as well as for its inspection before storage. Also, space must 
be provided for mateqal withdrawn for issue to the production floors but 
not yet removed from the storeroom. Such space will enable the man in 
charge of the storeroom to work up his issuances in advance, in order 
that there may be no delay when the goods are actually required. 

The area to be provided for storage purposes will be worked out during 
the study of the location of the storeroom. Too much space will add to 
the indirect cost of storing the material. On the other hand, insufficient 
area will increase costs because of the congestion resulting. Lack of 
space in the storeroom will often lead to a reduction of the quantities that 
may be carried, so that production is seriously hampered. The amount 
of storage space to provide is easily determined when a standard product 
is being manufactured, but not when numerous products of varying kinds 
are being produced. 

One of the most essential features of storeroom layout is adequate 
aisles and passageways, which will permit materials to be brought in and 
taken out in the most expeditious manner. For bulk storage the storage 
areas and aisle spaces may be marked on the floor with paint. The lay- 
out of aisles will vary according to the needs of each storeroom, but in 
general it may be said that main aisles should allow the passage of two 
trucks and should vary from 6 to 8 or more feet in width, whereas other 
aisles will usually have to allow for only one truck. In blind aisles run- 
ning up to a wall, allowance may have to be made for the turning of the 
truck. Where the articles stored are generally carried by storesmen, the 
width of the aisles between the rack has been standardized at 30 inches 
in some storerooms. Figure 33.2 indicates the proper relationship of 
aisles to storeroom layout. The desirability of a central location for 
receiving and issuing, as well as assembling stores for stowing or issuing, 
is also shown. 
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Location of material in the storeroom. The student of storeroom 
operations should keep in mind the universality of the principles involved. 
The wholesale house, factory branch, and mail-order house are faced 
with the same problems as the manufacturing establishment. There are 
two main ways of arranging a storeroom: (1) directly by classification; 
(2) by index. Both are widely used. 

If material is arranged by classification, it should be stored in the 
classification order. If the mnemonic system is being used, the first racks 



Fig, 33.2. An effective storeroom layout. Windows will be in exterior walls opposite 

aisles. 

should include all those articles whose symbols begin with F, or what- 
ever other letter is first, and the last racks should have stored on them 
articles whose symbols begin with W, or whatever other letter is last.^ 
All intermediate racks should be alphabetically arranged, and a system 
should be developed for the alphabetical arrangement of each of the racks 
themselves, so that an article of stores may be found in the rack as a 
word may be found on the page of a dictionary. Bulky goods which can- 
not be stored by symbol are put in a convenient place, and a tag is hung 
at the point where the symbol would appear on the racks, giving the 
location of the material. 

This arrangement of materials may be best illustrated by indicating 
the way in which it may be worked out in a particular plant. At the 
end of each rack on a central aisle, keyboards are placed which indicate 
the range of the contents of the rack. For instance, one of these key- 
boards may read SVZM-SVZY. This immediately indicates that all 
articles of stores whose symbols are alphabetically between these two 

2 See Chapter 31, “Classification of Business Details”; also Appendix B. 
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limits can be found in this rack, and this fact is used in much the same 
way that the tabs on the side of a dictionary are used in finding the ap- 



Fia. 333. Storeroom bin arrangement. Flexibility is gained by the use of wooden 

bins. 

proximate location of a word. Each rack is divided into divisions, and 
these into sections and subsections, as is indicated in Fig. 33.3, which is 
an illustration of a main division. In stowing and locating material, each 
division is read separately, beginning with the upper left-hand corner 
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(Section A), then across to Section B, down to Section C, and so on until 
Section H is reached. 

A storeroom having its material so arranged is not dependent on one 
man ^8 recollection of where he has placed certain material. The plant 
would not be greatly handicapped even if the whole storeroom force were 
to leave suddenly. Arrangement by classification can be utilized, how- 
ever, only where there is no rapid change in goods handled. Under any 
circumstances it has certain very definite disadvantages: 

1. A large amount of space (twenty to twenty-five per cent) must be left in each 
portion of the rack to allow for expansion. 

2. The goods most frequently issued cannot be placed near the issue window with- 
out breaking down the scheme of arrangement. 

3. Certain goods, such as unwieldy materials or very heavy articles, can under no 
circumstances be stored exactly by symbol. 

The second successful method of arranging a storeroom is by index. 
The materials in the storeroom are arranged in the manner most con- 
venient for storage and issue, and then an index of material location is 
developed. In the index the material is arranged by symbol, and the 
location in the storeroom noted next to the symbol. This method neces- 
sitates designating the racks, rows, and sections in some manner that will 
allow the bin location to ]j)e expressed in the form of a symbol also. The 
racks may be lettered, and the rows in the rack are numbered, beginning 
from the bottom. Finally, each row in the rack is marked off into nu- 
merical divisions which may or may not correspond with the bin arrange- 
ment. In designating bin locations, the row is used as the first digit, and 
the division number as the last two. Thus, if the index indicates that an 
article can be found at D 408, the article is in rack D, row 4, position 8. 
Usually no attempt is made to number bins under this plan, which is par- 
ticularly satisfactory if steel bins are used. 

For the storage of large articles which cannot be placed in bins, the 
storage floors may have each bay and section lettered or numbered so 
that the locations may be recorded in much the same fashion as if the 
articles were stored in bins. Such symbols are frequently painted on sup- 
porting columns or suspended from the ceiling. 

The chief disadvantage of arranging a storeroom by index rather than 
by classification is that the index must be consulted before an article 
can be found. If the stores are well controlled, this is not important, for 
the bin location can be inserted on the stores issue at the time it is written. 
Another disadvantage is that the men filling orders, especially when the 
parts handled are dirty, have diflSculty in keeping the index cards clean 
and usable. 
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The advantages claimed for the arrangement by index are: (1) Stores 
can be so arranged that those which move fastest are nearest the points 
of receipt and issuance; (2) no rearrangement of the storeroom is neces- 
sary as new articles to be stored are brought in or storage of certain old 



Vourteay, International Detrola Company, Detroit 
Fig. 33.4, Tote pans used for storage in the storeroom. 


articles is discontinued; (3) goods can be stored with full regard for their 
special requirement&. 

Types of bins. Wherever possible, and always where large numbers of 
small articles are handled, racks containing bins should be placed back 
to back, making material accessible from aisles running between the rows 
and thereby economizing storage space. 

Obviously, the nature of the stores will determine the size and method 
of subdivision of the bins, but some such plan as illustrated in Fig. 33.3, 
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which shows the use of standard wooden sections, should be adopted. For 
purposes of flexibility some such unit should be devised to fit the par- 
ticular conditions encountered. In this illustration each 2-foot division 
can be used as a whole for the storage of materials, or it may be sub- 
divided by inserting units or smaller bins. Thus one compartment is 
filled with sixteen boxes or bins known as sixteenths. The construction 
of these boxes is such that their outside measurements are equal, making 



Courtesy, General Motors Truck and Coach Division 
Fia, 33.6. Skid boxes used for storing material. Note the tiering made possible by 

the use of a high-lift truck. 


possible the placing of sixteen of them in a division. The sixteenths will 
therefore be approximately 6 inches square outside. Eighths, quarters, 
and halves are also used. 

Both wooden bins and steel bins constitute very satisfactory storage 
arrangements. When standard lots of small materials are frequently 
issued, the idea of using tote boxes and skid boxes as bin compartments 
or storage racks should be considered. Figures 33.4, 33.5, and 33.6 show 
tote boxes, skids, and steel bins. Steel shelving occupies less space than 
does wooden shelving, but it is more expensive. The original cost of the 
steel bins per cubic foot of storage space will ordinarily be higher than 
that of wooden bins. The better appearance and the sanitary and fire- 
proof features of steel bins often cause their adoption. 

Figure 33.6 illustrates a well-laid-out storeroom utilizing steel bins. 
Although such bins are of varying sizes, they are rarely changed, after 
being set up, except by inserting or removing dividing partitions. The 
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rows are composed of standard steel shelving. Figure 33.7 illustrates an 
orderly arrangement of small tools and supplies in special wooden racks 
and bins. 

Many materials, such as bar stock and automobile drive shafts (see 
(Fig. 33.8), cannot be stored in the type of bins illustrated, and special 



Courtesy, Oeneral Motors Truck and Coach Division 
Fio. 33.6. Standard steel bins used for storing parts awaiting use on the assembly 
line. Note the protective device to shield the bins from the electric trucks that use 

the aisles. 

provision must be made for their storage. Bar stock is sometimes stored 
by placing it horizontally on the sides of racks shaped like an A and 
having hooks on the sides to hold the stock, or by leaning the stock 
vertically against such A racks. Automobile drive shafts are ordinarily 
suspended on special racks to prevent bending. 

Special storage also includes storing articles in the original package. 
Where there is a heavy turnover of small articles and the container fits 
in with the general storeroom scheme, it is sometimes advisable to store 
the articles in their original containers. On the other hand, this practice 
must be carefully controlled, since it is usually cheaper to break original 
packages when they are repeived than when the storeroom men are in a 
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hurry to make issues. On the other hand, many items may not be opened 
in the storeroom but sent to the assembly line in the original container. 

A few storerooms use the double-bin system, providing two bins for 
each type of material. It is evident that the double-bin system generally 



Courtesy, Beech A.iroraft Company, Wichita 

Fra. 33.7. An orderly storeroom for tools, supplies, and small parts. 


requires more space, but those who use it believe that this additional 
space is not a serious enough factor to overbalance the advantages in its 
favor. The double-bin system provides an “in” and an “out” bin for each 
article. While the material in the “out” bin is being drawn for use in 
the factory, newly received goods are being placed in the “in” bin. 
When the “out” bin is empty, withdrawals are begun from the other bin, 
which is now tagged “out,” and the empty bin becomes the receiving bin. 
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The double-bin system prevents the accumulation of old material in the 
bottom of a bin, since it is used up before the new material is issued. 
This feature is of special benefit with material which is likely to de- 
teriorate. Another advantage of the system is that it provides a con- 
tinuous physical check on the material to compare with the records, and 
this check can be made and is made each time one of the bins becomes 



Courtesy, General Steel Warehouse Company, Inc., Chicago 


Fig. 33.8. Special racks for storing steel bars and other long items. 

empty. This system is successful only when the kinds of materials car- 
ried in stock are more or less constant. When the amount of material of 
a given kind changes considerably, or the material is carried only inter- 
mittently, the single-bin system is generally better because of the saving 
of floor space. The single-bin system is far more extensively used. Most 
of the advantages of the double-bin system for small items may be 
secured by placing the minimum quantity from the new shipment in a 
small bag. The old material may be emptied into a container, the new 
material put at the bottom of the bin, the old material placed on top to 
be used first, and the small bag of minimum quantity placed in the back 
of the bin. Occasionally bins with a sliding partition similar to the par- 
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tition in a letter file are used. The old material is placed in front of the 
sliding partition and is used first. 

Auxiliary storeroom equipment. When bins are used, one perplexing 
storeroom problem, and one that frequently prevents the use of the full 
height of the storeroom, involves reaching the upper tiers of bins. The 
general practice is to use steps or ladders, but these are continually get- 
ting in the way and blocking aisles; ladders, moreover, cause accidents, 
because the worker tends to lean too far to one side rather than move the 
ladder. One stores manager has developed the practice of arranging the 
bins in such a manner that the compartments at the bottom are large 
enough to receive heavy or bulky material, whereas those higher up de- 
crease in size as they increase in height. For instance, at the top of the 
first row the depth is reduced by one board, or a foot. This forms an 
offset that is usable as a platform in reaching the bins above the second 
tier. From this the workmen have easy access to material 5 to 6 feet 
above, thus making it possible to reach goods to a height of 8 to 9 feet 
without the use of a ladder or steps. Under certain conditions, however, 
ladders may be necessary, and when they are, those on trolleys have 
usually been found to be the most satisfactory. 

Various types of material-handling equipment have been developed, 
particularly for storeroom use. In nature they are similar to the mate- 
rial-handling equipment for general use described in Chapter 13. Count- 
ing scales, appropriate push trucks for collecting material from the bins, 
and similar aids facilitate storeroom operation. 

Keeping stores records. If balance-of-stores control is carried on else- 
where than in the storeroom, a minimum of stores records should be 
maintained in the storeroom itself. The storekeeper can, nevertheless, 
be of great assistance in carrying a share of the load of controlling 
inventories if he studies conditions within the storeroom and the shops, 
ascertains needs, and cooperates with the purchasing department and the 
balance-of-stores clerk. Insuring smooth and prompt operation of store- 
room routine will constitute his greatest service toward good inventory 
control. 

Someone must provide a positive check to insure that articles on hand 
will not fall below the designated minimum. A check can be provided 
in the form of a bin tag on which records of receipts and issues can be 
maintained. If a separate bin tag is utilized for each lot received and 
issues are deducted from the tags, sending bin tags which read zero to 
the balance-of-stores clerk may prove a valuable check. Figure 33.9 
illustrates a very satisfactory form of bin tag. To be effective it must 
be. simple, because of the usual nature of storeroorn labor. It must not 
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be necessary for the storekeeper to keep a running record on bin tags 
when a balance-of-stores record is kept. 

Procedure for ordering material. Goods are ordered by the purchasing 
department, either upon their own initiative or, in procedures such as we 

have described, on the requisition of 
the balance-of-stores clerk. For special 
unclassified materials requisition will 
usually be made directly by a depart- 
ment head, although the approval by 
the balance-of-stores clerk may be made 
necessary to prevent duplication of 
items. After receiving the requisition, 
the purchasing agent makes the pur- 
chase and then sends a copy of the pur- 
chase order to the balance-of-stores 
clerk, which is the basis for an entry in 
the ^^ordered^^ column of the balance-of- 
stores sheet. A copy of the purchase 
order may be sent to the storekeeper to 
serve as a basis for identifying and 
checking material when received. In 
order that accurate count on incoming 
goods may be assured, some plants do 
not enter the amount ordered on the 
copy which goes to the storekeeper. 

Receiving stores material from out- 
side sources. All material received 
should be turned over to the receiving 
department, which may or may not be 
under the control of the storekeeper. 
If articles are delivered directly to the department for which they 
are ordered, in many instances the receipt will not be recorded, which 
will lead to diflBculty when the invoice is received. The date received, 
order number, weight, number of packages or bundles, charges whether 
prepaid or collect, and other necessary information should be recorded, 
so that a check can readily be made with the invoice. 

As soon as a shipment is received, the storekeeper should refer to his 
copy of the purchase order. He should be responsible for the count and 
ordering of inspection of all materials received. Theoretically, these 
procedures should take place before the goods are accepted and receipt 
is made. However, in order to facilitate receipts by truck, delivery re- 
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ceipts are often signed as follows: ‘^Received subject to count, weight, 

and inspection. Signed In this event the contents are carefully 

checked and inspected at a convenient time. As soon as the material has 
been checked by the receiving department, a comparison should be made 
with the copy of the purchase order. Word should be sent to the pur- 
chasing department, stating the quantity of material and the general 
condition in which it was received. Such a report is usually termed a 
^^Notice of Arrival,” one copy of which goes to the inspection department 
as a notice that inspection is needed.^ In large plants representatives of 
the inspection department are part of the receiving-room staff. 

Upon inspection the inspector should fill out a report, stating that all 
material is satisfactory or indicating rejections, with causes. One copy 
of this report should go to the accounting and one to the purchasing 
department to serve as a guide for the checking and payment of the 
invoice from the vendor and for the making of claims. Where it is obvi- 
ous that the material has been damaged or partly lost in transit, notice 
should be sent to the agent of the carrier to inspect the material. This 
procedure will facilitate matters if a formal claim is to be made. Receipts 
of material in excess of the amounts called for on the purchase order 
should be tagged ^^Overshipment,” with proper identifications, and placed 
to one side to await final disposition. A rejection tag should be placed 
on damaged or incorrect shipments. It is essential that descriptive data, 
such as purchase order number, incorrect report number, kind of material, 
and similar information, be stated on it. 

When the inspection report has been received, the storeroom should 
make out a ^^Material Received” report,^ preferably in quadruplicate and 
signed by the storekeeper. One copy should go to the balance-of-stores 
clerk who will check against the purchase order and make proper entries 
on the balance-of-stores sheet. One copy should be retained by the 
storeroom, and copies should be sent to the purchasing department and 
the accounting department to serve for checking invoices. 

Receiving worked materials. Materials on which a certain number of 
processes have been performed, or components waiting assembly, must 
be received and stored until needed. The storeroom will handle these 
in the same general way as material purchased from vendors, except that 
no inspection will be needed, and the form on which receipt will be re- 

® Frequently the inspection department verifies the count claimed by the vendor, 
thus relieving the storekeeper of counting. This often is the most efficient method 
since it frequently prevents duplicate handling. 

*The inspection report is sometimes substituted for this report. The inspection 
department in this event sends a copy of its report to the storeroom and all the 
persons to whom the ^^Material Received” report would go. 
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ported will ordinarily be a “Worked Materials Received^' slip, rather than 
a “Stores Received” slip. 

Stowing materials. After materials for storing have been received and 
inspected, they may best be placed on a rack or in a space devoted 
exclusively to materials awaiting storage. There all materials may be 
tagged with their symbols or bin locations. Some classes of materials 
should also be arranged in boxes or cans in suitable units for conveyance. 
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Fia 33.10, Stores-issue card. 


The articles may next be arranged on a truck in logical fashion, in order 
that they may be unloaded into their respective bins with the minimum 
of confusion and loss of time. As the specific articles are placed in their 
respective bins, entries of the date and the amount are made on the bin 
tag, if there is one. 

Issuing materials to the departments. There should be a well-defined 
rule that no materials can be obtained from any storeroom, warehouse, 
or yard without the presentation of a formal requisition or issue ticket 
(see Fig. 33.10) signed by an authorized person. The storeroom should 
receive the issue ticket from the balance-of-stores clerk in sufficient time 
to enable it to prepare the material for issuance to the work place in the 
factory, so that no delay will be encountered between the existing job 
and the new one. 
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Some production-control systems call for the department clerk or fore- 
man to write a requisition that is presented directly to the storekeeper. 
In such systems the storekeeper forwards the requisition after it is filled 
to the balance-of-stores clerk. 

For purposes of accounting and simplicity of storeroom operation, some 
companies use two different forms for issuing purchased materials and 
^Vorked materials” produced within the plant. Other organizations use 
the same form for both types of materials. Figure 33.11 illustrates an 
effective type of card to be used in connection with tabulating machines. 
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Fio. 33.11. Stores card for use in tabulating machine. 


If this system is utilized, all cards may be printed in the same manner, 
and their various uses designated by varying colors. 

A group stores-issue form is used advantageously for parts covering 
an entire assembly. The use of such a form materially reduces the 
clerical work of issuing orders. The exact details of the form are deter- 
mined largely by the individual enterprise, but it usually contains the 
same information used on a form for one item only. As a matter of fact 
the same form is often used either for one item or for a group of items. 
Some manufacturers prefer to have only one item on each stores requisi- 
tion. The additional clerical work required can be justified only when 
special use is made of each requisition form. 

The ^^automotive type” of stores issuance makes use of a blanket 
materials order instead of individual types. Material is sent to the as- 
sembly line in accordance with the schedule for assemblies. Irregular 
items are handled on special requisitions. 

In getting out the material, the stores-issue man should, if possible, 
take enough issue tickets to make up a truck load at a time. Suitable 
tote boxes (see Fig. 14.13, p. 215) may be placed on the truck to receive 
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small materials. If the issue tickets are arranged in sequence, the issue 
man may move from row to row in the storeroom in as direct a line as 
possible. Immediately upon taking material out of a bin, a deduction 
should be made on the bin tag, if there is one, and an identification tag, 
stating the symbol order number and destination in the shop, should be 
fastened to the tote box or container into which the material has been 
put. 

Occasionally a storeroom handling a number of small items may be 
operated on a self-service basis similar to that used in grocery stores. 
Under this system the stock must be arranged on some logical basis. 
The individual seeking the material gets it himself and checks out 
through the storekeeper, ^ho verifies the item and the count and collects 
the requisition. A storeroom may operate in part on a self-service basis 
and in part on an issu^ basis. The self-service idea saves a lot of wait- 
ing time on the part of workers and stock chasers.® 

The check or withdrawal slip used by depositors at banks is invaluable 
for accurately tracing the disposition of funds Critics often say that 
such a practice in connection with the storeroom is red tape and point 
out that, if a requisition must be written out to get a screw from the 
storeroom, the cost of such a procedure is more than the value of the 
article to be withdrawn. Such an example is fitted only for critical 
purposes. For practically all articles handled in the storeroom it will be 
well worth while to maintain a rigid control, and therefore no exception 
should be made for items which will involve not more than a fraction of 
one per cent of the issuances. Office supplies and similar articles can be 
drawn in sufficient quantities at given intervals to overcome small issu- 
ances, a check being maintained in the office as they are issued to indi- 
viduals. 

Handling materials returned from the shop. Materials returned from 
the shop fall into two classes, those which are returned because of neces- 
sary overissue in the first instance and those which are returned because 
some change in the schedule or other complication makes desirable the 
prior processing of other orders. With proper methods of issuing, usually 
only the exact quantities of material needed will leave the storeroom, but 
it is possible at times that overissues must be made. The simplest method 
of handling such overissues is to have the storekeeper attach a tag marked 
“Surplus^’ to the article and retain a copy. If the surplus amount is 
returned, he destroys all records; but, if the surplus amount is not re- 
turned from the shop, he makes out an issue slip and sends it to the 
balance-of-stores clerk to be properly deducted from the amount on hand 
and to be charged to the proper accounts. 

® See Factory Management and Maintenance, Vol. 103, No. 3, p. 122. 
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When materials are returned, the storekeeper makes out a ^^Stores 
Credit^^ and sends it to the balance-of-stores clerk. This slip serves to 
credit the order to which the materials were charged and goes to the 
cost-accounting section for that purpose, after the proper entries are 
made on the balance sheets. 

Storeroom personnel. Fixed responsibility is especially necessary in 
the storeroom. Regulations must be put into force which prohibit all 
but storeroom employees from entering this department or which permit 
them to enter only in the presence of the storekeeper or one of his assist- 
ants. Only under such conditions will it be possible to make the store- 
keeper solely responsible for the preservation of material and correct 
accounting for it. The size and nature of the storeroom organization will 
vary with the size and the type of business and the kind of material to 
be handled. Thus it may consist of one man known as the storekeeper, 
who may give all or only part of his time to the work, or it may consist 
of a force of men giving full time. 

It is sometimes said that such conditions are applicable only to large 
plants. On first thought it may appear to be poor practice for the small 
concern which can keep a man only partly busy on storeroom work to 
place one man in charge of the storeroom. Even for the small plant, 
however, it is advisable. For instance, it may be quite possible to assign 
an office employee to the storeroom for a certain length of time each day. 
By establishing certain hours in the morning and the afternoon, this clerk 
can take care of all calls for material. At other hours he can attend to 
his regular work in the office. Some companies have met the situation 
by placing a workbench in the storeroom at which a worker is engaged 
while not devoting his time to storeroom work. A manufacturer of cen- 
trifugal machines who employs fifty men has combined the functions of 
storekeeper and shipping clerk in one man. 



CHAPTER 34 


PRODUCTION CONTROL 

Production control defined. Production control is the process of plan- 
ning production in advance of operations; establishing the exact route 
of each indivi?Rial item, part, or assembly; setting starting and finishing 
dates for each important item, assembly, and the finished product; and 
releasing the necessary orders as well as initiating the required follow-up 
to effectuate the smoolli functioning of the enterprise. At least one of 
the items — establishing the route or path of an article through production 
— mayJCLot be controlled by the production-planning and control depart- 
ment, but it must be determined before adequate production control can 
be achieved. Routing is usually determined in the first instance by the 
methods department, but the route, once established, is actually controlled 
or directed by the orders issued by the production-control department. 

Production control should be clearly distinguished from the function 
of actually operating the enterprise. The production-control superin- 
tendent is not the operating superintendent. He is the head of an aux - 
iliary staff department that specializes in planning, scheduling, and dis- 
patching as an aid to the operating departments. It is unfortunate that 
many persons who are not familiar with actual operations confuse indus- 
trial management or factory management with production control or 
production management. In a scientifically run enterprise production 
control is an important phase of industrial management, but it is only one 
element. The factory-management group is nearly always the line oper- 
ating group, to use organizational terminology, whereas the production- 
control group operates as a staff group. 

To set up a special group of persons who concentrate on the planning 
and clerical phases of control relieves the operating personnel of a multi- 
tude of details. The time thus made available enables them to concen- 
trate on their major functions of operating. 

The need for production control. Frederick Taylor recognized the need 
for the specialization of functions. Two of his eight functional foremen 
were the^rder-qf-wprk, or route, clerk and the instruction-card clerk. 
The work of these two clerks has been taken over by the modern produc- 
tion-planning and control department. Taylor was the father of not 
only modern cost accounting but also of production control. 
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Under any form of organization there must be some control of the 
productive process. In its simplest form this control consists of taking 
bills of material or specifications to the shops and giving them to the 
foremen to use in making up the product. Such bills of material usually 
originate in the office of the superintendent, and it is to him that the 
foremen are accustomed to look for advice in manufacture and, roughly, 
for information concerning which job should be done first. The super- 
intendent's office, sometimes called the factory office, thus becomes the 
center of information regarding jobs to be done and the general sequence 
in which they are wanted. Attention is given a particular order while 
in process only as pressure is applied by the sales department or by a 
customer demanding prompt shipment. Pressure is then put upon this 
order by the factory office, whose representative may frequently be seen 
stalking over the production floors, brandishing the sales telegram, and 
looking for the order or its component parts. When the order is found, 
everything else is pushed aside to give it precedence, the requirements 
for delivery on other orders are forgotten or disregarded, and thus the 
groundwork is laid for a series of similar telegrams in the near future. 

In plants which are operated through the control of the factory ofiice, 
it is but natural that the orders on which there is pressure are the ones 
that receive attention. Unfortunately, unless the customer is very pa- 
tient, or the goods being made for stock are in no real demand, pressure 
is usually applied sooner or later on nearly every order, and in each case 
where there is a need for pressure dissatisfaction is likely to be created 
somewhere along the line. Fortunately plants which operate their pro- 
duction forces in this manner are passing rapidly. 

Production control is not confined to the factory. The basic function 
of routing work and scheduling must be performed in the bank, wholesale 
house, department store, mail-order establishment, railroad, army, navy, 
governmental agency, or any other type of organization where many 
people work together. Figure 34.1 shows the various lines leading into 
a large depot. The dispatcher exercises control over these lines and, when 
trains are on time, brings the trains in according to a predetermined 
schedule. He must also be prepared to adjust his schedule to bring them 
in when schedules are upset. Exactly the same situation prevails at an 
airport, or in industry. The aim is to follow an established plan, but 
adjustments must be made to meet emergencies. It is easier to make 
infrequent temporary adjustments than to run the enterprise on the basis 
of one adjustment after another. 

Evolution of production control. The creation of a master schedule 
with shipping dates constituted the beginning of production control. 
Each department head, with delivery dates in front of him, strove to 
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push through the items in order to make shipping deadlines. (Shipping 
dates still remain the controlling data for modern production control.) 
Orders thus take precedence on the basis of the date when they are wanted. 
T he cre ation of such a schedule implies the development of a manufac- 
turing-order system, such as is not implied by the lesser control exercised 



Courtesy, New York Central Railroad 
Fig. 34.1. Dispatcher's control chart for trains entering the Grand Central Station, 

New York. 


through the factory oflSce. These manufacturing orders may or may not 
correspond to customers’ orders but are usually issued to the shop to 
cover profitable manufacturing quantities. The orders are issued at such 
time that the work upon them may be completed by the schedule d ate, 
but the time of starting work on them is usually left to the foremen of 
the departments. Besides noting the date wanted on the orders, there is 
usually some broad division of them into classes which have a particular 
order of precedence. Division may be made on some such basis as the 
following: 
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1. Customers’ orders which require special attention to meet the promised date of 
delivery. 

2. Repair orders accompanied by an urgent request for delivery. 

3. Customers’ orders that will ordinarily come through on time for the promised 
date of delivery. 

4. Routine repair orders. 

5. Orders for goods to be placed in stock. 

To make a program based largely on delivery dates effective, progress 
reports and follow-up men are needed. These progress reports give in- 
formation concerning shortages of parts on various orders, and usually 
a force of ^^stock chasers^^ smooth out difficulties that may imperil the 
master schedule as soon as they are seen to develop. The causes of 
shortages or delays may also be investigated, and an attempt made to 
prevent their recurrence. These stock-chasers or follow-up men may be 
organized on the basis of the customer's order or related departments. 
When organized on the basis of the customer's order, each stock chaser 
follows an order or a group of orders all the way through the plant. 
When organized on the basis of related departments, each follow-up man 
follows all orders in his respective unit or department. 

This simple form of production control, using stock chasers to meet 
delivery dates, endeavors to anticipate delays and eliminate their occur- 
rence, whereas the older method strives only to correct them after they 
have occurred. As a matter of fact, the very first effort to control orders, 
other than that of rushing an order when the customer complained, em- 
phasized largely the correction of delays when they occurred rather than 
their prevention. The simple production-control department, basing its 
activities largely on releasing delivery dates and using follow-up men to 
see that these dates are met, has taken the most important step toward 
complete control of production. Since only the rough outlines of the 
production program are presented to the shop heads, this department also 
must frequently act after the need for pressure has been discovered. In 
other words, drift and check-up are still possible. 

In the simple production department a large share of the delays in 
production is ordinarily due to ineffective operation of staff function? 
which relate directly to production. Such functions include shop trans- 
portation, toolroom operation, maintenance of equipment, and superin- 
tendence of raw materials and partly fabricated stores. It therefore 
frequently becomes logical to place the supervision of several of these 
functions in the hands of the production department, in order to correlate 
its activities with each other and witb the necessities of the production 
program. 
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Definition of terms. Planning department is frequently used synono- 
mously with production-control department or production department. It 
is possible to have a production-control department with little or no ad- 
vance planning other than the setting of delivery dates. Planning is the 
function of looking ahead, anticipating diflSculties, and taking steps to 
remove the causes before they materialize. A complete program of pro- 
‘^duction control starts with planning and makes this planning effective 
through coordination and follow-up. 

Routing includes planning where and by whom wo rk will be done. The 
routing work of a planning department prescribes the path which work 
will follow aiftatthe necessary sequence of operations, particularly in build- 
ing up an assembly product. This work involves such close analysis of 
facilities that frequently layout is affected. In quantity-production 
plants, where machineft can be set up so that each performs one or several 
operations in direct sequence, the routing function is directly a part of 
plant layout. The routing section must have at its disposal all the 
standards that have been set by job study for the operations and for 
t shop methods. Scheduling involves the planning of the amount of work 
1 to be done and the time when each element of the work will start, or the 
1 order of work. This includes planning for the quantity and rate of output 
of the plant or departments and also the date or order of starting of each 
unit of work at each station along the route prescribed. Dispatching 
involves the meeting of schedules by proper utilization of machines, work 
places, materials, and workers, as designated by the routing. The dis- 
patching unit of the planning department thus includes all persons whose 
duty is to see that orders are issued to the shop, that materials are at 
the work place, that tools are provided, that job cards are issued, and, in 
general, that all necessary steps are taken to insure that the schedules 
will be properly carried out. In determining when and where work is to 
be done, the planning department performs management functions which 
have been given definite technical names, the use of which will clarify 
any description of the work of the department and eliminate confusion 
of terminology. 

The functions of a complete production-planning and control depart- 
ment. The comprehensive production-planning and control department 
receives orders from the sales department or operates according to a 
master budget ; it takes all the steps necessary to see that the product is 
shipped according to the promised dates. Such functioning implies the 
centralization of control and responsibility for coordination over the fol- 
lowing fourjelements of the production process: 

1. The manufacturing orders. 

2. The material for these orders. 
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3. The productive equipment, including machineiy, tools, and work places to be 
ased. 

4. The workers, in so far as priority of work is concerned. 

The production-control department in some instances has control of 
the departments handling material and in others merely issues the orders 
on another department that handles the material. The production-control 
department seldom actually has control of the equipment; it usually 
issues orders on the maintenance department to have the equipment 
ready. In a few cases it establishes priorities for the work of the main- 
tenance department. Seldom does the production-control department 
have any direct control over the workers, but it schedules work to the 
machines, leaving the assignment of a particular worker to the discretion 
of the foreman. 

Production planning takes the four elements which have been listed, 
works with them, each in relation to the other, and operates through them 
in such a manner that the product is turned out in the time and by the 
methods that are desired. The orders are the authorization for the per- 
formance of the work, and writing them carries with it an implication of 
coordination with the sales and financial aspects of the business. The 
material comprises everything upon which work is to be done, whether 
it be raw stores, worked material, or components which are the product 
of another plant. The productive equipment comprises all machines, 
tools, and work places within the factory which are utilized for manufac- 
turing purposes, and its control implies its utilization for such productive 
work as may be deemed best at a given time. All these factors are co- 
ordinated by the planning department, so that a series of operations, 
based on needs of the manufacturing orders, upon capacities of equipment 
and workmen, and upon condition of material, are developed. These 
operations are then laid out, supervised, and correlated in such a manner 
that work will proceed through the plant in the smoothest and most 
orderly fashion. 

No work is performed by the well-organized planning department which 
^ should not be performed by someone under any type of organizational setup. 
The centralization of all planning work insures not only that it will be 
done, but also that it will be done by qualified persons in a way which 
will be of most benefit to all within the organization. The planning de- 
partment provides an opportunity for the accumulation of centralized 
knowledge and a utilization of this knowledge. 

To establish a planning department involves taking over from line 
members of the organization control over (1) when work is to be 
and, within limits, (2) where work is to be done. The extent of control 
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that this department may exercise over these phases of the plant^s activity 
must necessarily vary with the plant and the product. 

Prerequisites of successful production control. Partial production con- 
trol can be inaugurated with relatively little standardization of proced- 
ures, processes, materials, and product. A high degree of central control 
of production planning, however, is predicated upon the existence of the 
following organizational policies, reliable information concerning pro- 
ductive capacities and requirements and standard conditions: 

1. Organization. 

1.1. Recognition by management of the need for production planning and 
willingness to ^legate authority with the responsibility. 

1.2. Recognition by the supervisors whose work schedules are being centrally 
determined that this is merely an extension of functional specialization which 
makes possible their devoting more of their time to those activities for which they 
are best qualified. This" attitude produces cooperative effort. 

2. Reliable information concerning requirements and productive capacities. 

2.1. Knowledge of products required to be produced. A master schedule of 
production required from the sales department is highly desirable. When produc- 
tion is to customer’s order, the schedule may be built by the planning department 
from the individual orders. 

2.2. Detailed information about the number and types of each production ma- 
chine and processing unit, together with the feeds, speeds, and productive capaci- 
ties. In addition to the capacities, it is necessary to know the available time not 
scheduled in the case of intermittent manufacture. 

2.3. Detailed information concerning the manufacturing time required and 
the sequence of operations for each part going into the finished product and for 
the finished product as a whole. 

2.4. Detailed information concerning material requirements, amount on hand, 
amount required, length of time to get delivery for items purchased, quantities 
used per unit of production. 

2.5. Detailed information concerning the available labor in the shop and the 
productive capacities of the men. 

2.6. Complete information concerning the manufacturing operations for each 
part, the proper tools, jigs, and fixtures for each part, and their availability. 

3. Standardization. 

3.1. Materials purchased and fabricated. 

32. Operations on all parts as far as design permits. 

32. Tools and equipment as far as practical. 

3.4. Procedures of operations and organizational setup, including delegation 
of authority and fixed responsibility. 

3.5. Production standards for employees and method of remuneration for 

employees. y 

3.6. Quality requirements and adequate inspection to guarantee quality main- 
tenance. 

3.7. Reports on production performance in comparison with scheduled pro- 
duction. 
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The foregoing prerequisites may not all be fully realized in a particular 
situation, but the more nearly they are realized the greater the chance 
for successful operation of a centrally controlled planning department. 

The organization of the production-planning and control department. 
The organizational philosophy of top management and the standing of the 
person in charge of production planning and control largely dictate the 
position of the department. The type of manufacturing and the size of 
the plant are also influential. In one large company all internal and 
external transportation, material handling and storage, stock records, and 
tool cribs are under the charge of the production-planning and control 
department. In turn the department answers to the purchasing agent, 
who is a vice-president. This is an unusual arrangement, but it works 
successfully. If this same vice-president had come up through produc- 
tion control, purchasing, in all probability, would have been a division 
of production control. 

All phases of management development influence the operation of pro- 
duction-planning work. The method of organization, the development 
of standards, the extent of job study, the presence or absence of an admin- 
istrative budget procedure are all important. A good illustration of the 
effect of the type of management on the outlines of the planning depart- 
ment is found in the extent of the job studies that have been made. Jo b 
study is by no means an essential prerequisite to the operation of plan- 
ning control, but the minuteness with which planning may be carried on 
will be dependent directly on the extent of job-study data. Without job 
study large allowances must be made in planning work. 

Planning problems in clothing and metal-cutting manufacture or in 
paper and standard textile manufacture are essentially similar. But plan- 
ning for production in a flour mill has few similarities to such planning 
in a lock factory. In continuous industries manufacturing standard prod- 
ucts on a quantity basis the scope of the production or planning depart- 
ment is far different from what it is in the jobbing shop. This subject 
will be discussed in detail in Chapter 39. It is sufficient to indicate here 
that, by giving adequate consideration to plant layout, the problems of 
routing and dispatching between operations have been eliminated to a 
great extent. It is to the schedules that most planning attention must be 
given in such plants. 

In assembly industries manufacturing diverse products the most in- 
volved planning-department organization is found. 

From a purely organizational setup it would appear that production 
planning and control, inspection, manufacturing, and plant engineering 
might well be coordinate departments answering to the general factory 
manager. This arrangement would, of course, imply that each of these 
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divisional heads would be thoroughly qualified to carry the load of his 
division. Too many production-control men have had little or no oper- 
ating experience; hence their approach is largely clerical. Under these 
circumstances it is but natural that the position of the superintendent 
of production planning and control is not on the same level as that of 
the superintendent in charge of manufacturing. Neither would such a 
man be likely to be placed in charge of receiving, shipping, material stor- 
age and handling, or transportation. 

Figure 34.2 illustrates the organization of a production-planning and 
control division in a large manufacturing plant. The man in charge of 
this division h^^a rich background of experience and is thoroughly quali- 
fied to handle the responsibilities of centralized planning and control. 

Regardless of the actual lines of authority, the planning department 
must work in close cooperation with the following departments: cost, 
purchasing, standards and methods, plant layout, tool, factory mainte- 
nance, inspection, stores, shop transportation, finished stock, sales, and 
shipping. Figure 34.3 illustrates the relationship of production control 
to materials control in a large airplane factory. Many of the data used 
by the cost department are collected by the planning department. Pur- 
chases are often made on requisitions from the balance-of-stores ledger 
clerk. Planning is accomplished through the use of data supplied by 
the standards and methods department. Plant layout largely determines 
the routing and sequence of operations, especially in line production. 
Shop transportation of materials and product is usually done on order 
from the planning department. The availability of finished stock and 
the inventory of finished stock are directly tied in with the plant^s sched- 
ule. Customers' orders originate with the sales department but must be 
scheduled by the planning department unless filled from finished stock. 
The sales department gets its promises for delivery dates from the plan- 
ning department, which relies upon the tool department for tools used 
in production and cannot schedule actual operations until the tools are 
available. The keeping of scheduled promises is intimately associated 
with the maintenance of equipment in running order. Infection in many 
instances is an operation in the production sequence and must be sched- 
uled just as other operations. 

Centralized versus decentralized control. In small concerns centraliza- 
tion is without question the desirable ideal, but in large factories decen- 
tralized control is usually found. A central department correlates the 
activities of the various individual planning imits, which are usually 
located in each of the producing departments of the plant. Under de- 
centralized control the over-all department schedule is determined by 
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Courteey, Curtias-Wright Corporation 

Fiq. 34,3. Chart showing the relationship of production control to material control 

in an airplane plant. 
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the central planning department, but the details are worked out by the 
individual planning unit within the department (when there is one) or 
by the foreman in the absence of a representative of the planning depart- 
ment. 

The planning clerk in each department may report either directly to 
the foreman or to the planning department. In either case he will report 
to the central planning department functionally. By this system the 
central planning department retains essential control of production from 
raw materials to finished stock, and at the same time in large plants its 
schedules and plans become more fiexible and more readily adjusted to 
day-by-day and hour-by-hour happenings in the shop. This type of plan- 
ning control merely provides for the moving of some of the detail- 
planning work to the departments, without in any way reducing the 
correlation of major activities of the plant. The central planning depart- 
ment still controls the schedules and the dispatching^ between depart- 
ments. The planning supervisor in each department controls dispatch- 
ing within the department. Routing may be carried on in the place 
which seems most desirable under given plant conditions. 

Decentralization of planning control brings with it relief from certain 
dangers against which centralized control constantly must guard. It is 
easy to get out of touch with departmental or plant conditions. It is 
easy to lose the cooperation of the foremen and subforemen, upon which 
depends, in a large measure, the success of planning work. If these men 
feel that orders are being sent to them for mere execution, and that the 
management of the plant is going around them rather than through them, 
the planning forces are likely to lose their all-essential support. Although 
with central control the foremen should be in and out of the planning 
department all day long, decentralized control enforces the aid of fore- 
men in planning. Thus, not only are the data collected by the experts 
of the planning department available, but also the mass of technical 
information concerning production which has been accumulated by the 
foremen through long years of direct contact with the job can be utilized. 
Decentralized control should not involve supervision of clerical detail 
by the foreman in sufficient amount to affect his capacity to produce. 
In modern mass production there is a definite trend toward decentralized 
planning control. 

1 Special move orders need not alwa^rs be issued by the central planning department 
unless it is from a central partly fabricated storeroom ; even then these orders may 
be quantity orders rather than orders for each load. Dispatching may be carried on 
by the department planning unit as soon as the work is finished in the given depart- 
ment. In the “flow t 3 rpe” of manufacture many planning details are minimized. 
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The cost of production planning and control. The costs incurred in 
production control are frequently urged as an argument for the old system 
of having each foreman do his own planning and scheduling. Production 
control does involve clerical labor. That it does not involve unnecessary 
expense is proved by the experiences of those who have installed elaborate 
planning departments and have had them operating for some years. 
Although clerical overhead may be increased, shop overhead is usually 
decreased. It is not necessary that the small plant have a different 
person perform each function that has been or will be described. On 
the other hand, in large establishments many workers are needed to 
handle the do^il of planning. No fixed number of persons or fixed 
arrangement of functions is possible in organizing a planning depart- 
ment. 

Production planning,, is the answer to greater production on the same 
investment without unduly speeding up workers. One plant during World 
War II was called upon to expand production of its regular product 
400 per cent. Normally the work in process was about $70,000. In an 
effort to meet the new demands the work-in-process inventory was in- 
creased by $500,000, yet the desired production was not forthcoming. 
The foremen were overworked with the burdens of training new men, 
scheduling their production, and trying to develop better methods. The 
able assistant to the foreman of the largest department was placed in 
charge of a complete production-control and planning department, which 
also included a methods department. In less than three months produc- 
tion schedules were being met, quality rose, and the work-in-process 
inventory was back to normal for the volume of production. The fore- 
men were freed of clerical details so that they could concentrate on mat- 
ters for which their skills were most needed. 

Effective planning always means effective control of detail. It is this 
detail, properly coordinated, which makes not only for an even flow of 
production but also for accurate costing. 

In summary the advantages of production control may be said to 
include the following points: 

1. Better service to customers, in that promised delivery dates are kept. 

2. Fewer rush orders in the plant and less overtime than in the same industry 
without adequate production-planning control. 

3. Lower inventory of work in process. 

4. Less finished stock required to give the same service to customers. 

5. Better control of raw-material inventory, which contributes to more effective 
purchasing. 

6. More effective use of equipment. 

7. Less loss of time by workers waiting for materials, with improved plant morale 
as a by-product. 
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PRODUCTION CONTROL— ROUTING 

Routing production. The first phase of. routing is performed by the 
engineering or the methods department. The technical aspect of routing 
includes the establishment of the particular operations to be performed 
and the sequence of these operations with the possible addition of the 
particular machines to be used on the respective operations. From the 
standpoint of the production-control department routing includes the 
planning of where and hy whom work shall be done,lhe determination of, 
the path that work shall follow, and the necessary sequence of operations; 
it forms a groundwork for most of the scheduling and dispatching func- 
tions of a planning department. Only the development of the master 
schedule and the issuance of manufacturing orders precede it. The scope 
of routing may well be subdivided as follows: 

1. The analysis of the finished article from the manufacturing standpoint, includ- 
ing the determination of components if it is an assembly product. Such analysis 
must indicate the materials or parts needed, whether they are to be themselves manu- 
factured for an order, or whether they are to be found in stores, either as raw or 
worked materials, or whether they will have to be purchased, and the quantity of 
materials needed for each unit and for the entire order. Much of this work may 
have been done by the engineering oi design department in drawing up the speci- 
fications for the product, but these must be studied and checked from the produc- 
tion standpoint. 

2. The fixing of the sequence of completion in manufacture that one part, or piece 
of material, bears to another, in order that all may be brought together as needed 
in the process of manufacture (see Fig. 39.1). 

3. The determination of the operations which must be performed at each stage of 
manufacture, and the place where these shall be performed. This implies a division 
into such operations as will utilize to the best advantage both the skilled and the 
unskilled members of the factory’s production force and all equipment. It is here 
that the results of job studies are of great importance. The actual selection of 
machines and workmen after operations have been determined is the portion of the 
routing function that is most frequently performed decentrally. 

4. The division of total quantities required into proper manufacturing lots or 
batches.^ This must be done with due reference to length of operations, space occu- 
pied by the material while moving through the shop, and the requirements of the 
master schedule .2 

1 See p. 524. 

2 See Fig. 39.1 for a combination schedule and route chart. 
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Practically all the work of routing concerns production control in ad- 
vance of actual production. The routing function most clearly distin- 
guishes the work of the planning department from that of the simple pro- 
duction department. The automobile is a product in the manufacture of 
which the various phases of production control, routing, scheduling, and 
dispatching have been highly developed. The finished car is essentially 
an assembly of various parts manufactured and brought together as 
subassemblies. Similarly, in manufacturing an assembly product, such 
as a clock, there are a number of small components, each of which 
must be provided in adequate amount before any attempt to make 
either subassejgjblies or the finished product. The raw material com- 
prising each of these components must be put through a number of 
manufacturing operations before being available for subassemblies, and 
decision must be made concerning the most economical operations and 
machines for the manufacture of each component with due consideration 
for other current demands on the workmen and equipment of the shop. 

Some manufacturing is so extremely simple and the product is so uni- 
form that only a very simple routing mechanism, if any, is required after 
the plant once begins operations. For instance, a flour mill which oper- 
ates day after day and year after year on the same kind of raw material, 
turning it into the same type of finished product, will have but little need 
for an elaborate system of routing. However, even with a standard 
product, several types are usually manufactured; some components or 
materials take longer to work up than others, and thus numerous prob- 
lems of routing and machine utilization arise. 

Plarxt layout, routing, and symbols used for identification. One of the 
outstanding trends during the past ten years in manufacturing and pro- 
duction-planning control has been the increased use of layout by product, 
which facilitates inventory and production control. This type of produc- 
tion control is known as ^^flow control.^^ The essential features of this 
type of production control are starting the product on a line and having 
all needed parts available as the assembly proceeds. Figure 39.1 
illustrates a series of interrelated line controls. The plant layout® deter- 
mines to a large extent the route a given part, subassembly, or product 
will take. Line production or layout by product, as has been pointed out, 
greatly simplifies production control. 

The second management step closely associated with routing is identi- 
fication of materials and operations. Routing and identification should 
be interdependent. A skeleton identification classification for stores, 
worked materials, and finished stock is of great assistance in developing 


8 See Fig. 12.10, p. 175. 
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routing work. As the route of a product is determined, components are 
analyzed, and the operations are fixed, the proper identifications are 
assigned and recorded on the bill of materials and operation sheet. Rout- 
ing will be greatly facilitated if material symbols ^ and operation symbols 
are so devised that they may be used directly in the work of routing and 
included in the routing instructions which are issued by the planning 
department. 

Routing from the bill of materials. The bill of materials and the 
specifications are provided by the engineering or methods departments. 
When they are received for a special order or for a product to be pro- 
duced for stock, the work of the production-control department begins. 
As indicated in Figs. 35.1 and 35.2, a list of the components of the prod- 
uct, together with specifications of the materials from which they are 
to be made, manufacturing tolerances for machined parts, and frequently 
a list of the operations to be performed on each component are generally 
provided. The last item may be left entirely to the production forces; 
but, if it is, close contact must be maintained between the two depart- 
ments to insure that designs do not involve unnecessary manufacturing 
complications. 

The complete bill of materials and the specifications constitute a mas- 
ter list from which all production-control data are derived. At times the 
production-control department may have to compile its own lists from 
those provided by the design department, especially when the work of 
the various members of the department is functionalized. 

Additional data needed by the production-control department. Not 
only must complete specifications for the finished material be on hand 
before routing is attempted, but also much additional information must 
be available. On operations which have been previously performed, job- 
study data should be available for reference, and on new operations job 
studies must be made and the results reported to the planning depart- 
ment. If there is not time for job studies on new operations, then the 
advice of the job-study man or the foreman must be secured concerning 
the routing of the work. He will be able to give much valuable advice 
from his knowledge of equipment capacities. It must not be inferred 
that the route man may be ignorant of the shop equipment. If routing 
is to succeed, the route man should be the person in the whole shop 
organization who knows most concerning manufacturing method. 

If routing to particular machines is to be attempted, some record of 
available machine capacities must be at hand. This may take the form 

* See Chapter 31 and Appendix B for a detailed discussion of the use of classifica- 
tion and identification symbols. 
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Courtesy, A. B, Dick Company 

Fig. 35.2. Route sheet combined with an assembly parts list. Note the vertical 
columns at the left. The numbers in each column indicate the number of each part 
used, and coimting columns from the left to right indicates the order in which parts 
and subassemblies go together. 
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of a rough record of the relative amount of work that is being given to 
each machine, or it may take the form of the more complicated Gantt- 
chart portrayal of machine load.® Such a record will prevent continual 
preference for one particular machine or machines if alternate choices 
can be made and will enforce consideration of the utilization of all the 
shop equipment of the shop on those in charge of routing. This record 
quickly indicates the approximate amount of work that the routing has 
at any time assigned to each machine or class of machine in the shop. 
In order to promote flexibility of dispatching, alternate machines should 
be indicated in the routing whenever possible, but any cost advantage in 
the use of one machine over another should be shown by designating 
clearly the preferred machine. Frequently, because of the nature of the 
operation, no preference can be shown. 

Route sheets. The path that a particular item is to follow through 
production may be recorded graphically or in tabular form on what is 
known as a route sheet (see Figs. 35.2, 35.3, and 35.4) . These are prepared 
in advance of need and filed in a route file. Route sheets list fully the 
materials that are necessary for a given operation, the complete list of 
operations in sequence, and the machines on which they are to be per- 
formed. In addition, for dispatching purposes, the standard time for 
each operation may be given, and check spaces are provided to record 
the progress of the order through the shop.® Different types of route 
sheets are usually needed for components and for assemblies because of 
the different natures of the operations involved. 

Route sheets serve two purposes: (1) They indicate, for scheduling 
and dispatching purposes, the necessary operations to be performed, and 
the place where they are to be performed; when accompanying material 
or released to the departments, they constitute the authority to manu- 
facture. (2) Through the check columns they provide a progress report 
which gives at any time the status of any component, assembly, or order 
that is in manufacture. Furthermore, since only one lot of material is 
governed by a single route sheet, the work is divided up definitely into 
the lots or batches which have been determined upon as desirable from 
a manufacturing standpoint.^ 

So-called ^^master departmental or divisional route sheets^^ are fre- 
quently made out in the central planning office and given to the decen- 

5 See Fig. 36.1, p. 493. 

® It should be clearly borne in mind that these forms are purely illustrative. Each 
industry's needs and the requirements of each department will govern the exact form 
and data to be included. Production-control systems, like other management tech- 
niques, should be adjusted to the needs of the individual enterprise. 

^ This statement, of course, implies that there is sufficient volume to justify the 
desired economic lot size. 
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tralized planning office as a guide. This route sheet shows the sequence 
of operations and types of machines, but not the exact machine unless 
there is only one of the desired type. Assembly route sheets must show 
clearly the sequence of assembly operations, particularly whether the 
operation may be performed independently or simultaneously or must be 
performed in sequence after another assembly operation because it de- 
pends on the product of the latter for a portion of its material. On an 
assembly route sheet it is necessary to show what additional material is 
needed for the performance of each operation and should be supplied at 
various points in the assembly process. 

Routing tw<v,^r more items together. Because of particular manufac- 
turing conditions it may be desirable to have two batches of material 
routed together for a certain distance through the course of manufacture 
and then split. Or it jnay be desirable to bring together two or more 
batches of material at given points in the manufacturing process, although 
in the main they will follow separate courses. Such conditions usually 
call for combination routing, which provides for the routing of the various 
batches so that the relation of one to the other will be clearly evident. 
Combination routing is provided for several jobs in production which 
may use the same setup on any machine. In order to save time and 
setup cost, these jobs are routed in combination. 

Route files. When the necessary information concerning materials, 
operation (Fig. 35.3) to be performed, assembly order, and quantities 
to be produced is available, one of the next steps is the preparation of the 
papers and instructions for the factory. The route file, which includes 
all tickets needed for planning and dispatching work during the course 
of the order in the shop, such as time and job tickets, requisitions for 
worked materials and stores, operation orders, inspection tickets, and 
move tickets or tags, must be made ready. These tickets (Fig. 35.5), 
which are usually prepared in the main by some duplicating process (Fig. 
35.6), are suitably taken care of by some filing scheme until they are 
needed for dispatching to the plant. Sometimes they are all placed in 
pockets in a specially constructed file, which contains all route sheets 
and papers pertaining to one manufacturing order. Thus in the route file 
information can be found concerning the path that the order is to take 
through production, plus all necessary forms which will be utilized in 
dispatching, working, paying for labor, or recording costs for the order, 
plus the necessary columns on the route sheet to record accurately the 
progress of the order. To these often will be added tool lists to be sent 
to the toolroom as given operations are called for in the process of dis- 
patching, and instruction cards to be issued to the workmen as the opera- 
tions are to be performed. Route sheets are at times arranged in the 
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form of a visible index, so that they may be easily referred to by the dis- 
patcher; in this case the necessary forms are filed close by in boxes or 
tub desks. The use and issuance of the various papers which are pre- 

ROUTING S14 


Issue 8, 10-12^6 


Department 

Number 

Department 

02 

Rough Stores 

03D 

Disc Grind 

03P 

Preparatory Disc Grind 

03F 

Finish Grind 

03W 

Wash 

06-1 

Width Inspection 

17 

Turn 

18 

Bore 

30-1 

Semifinished Visual In- 

21 

si>ection 

Groove 


22 

Finish Turn 

24 

Size 

29-4 

Wall and Tension 

29-2 


29-3 


29-6 


30 

Finished Visual Inspec- 
tion 

28-1 

Gap Inspection 

36 

Oil and Roll 


This issue supersedes Issue 7, 8-13-46. 
Reason for reissue: 

Process engineering. 


Type: Single-Duty Rings 
Operation 

1. Receive Rings from Foundry and 
Issue to Disc Grind 

2. Disc Grind 

3. Preparatory Disc Grind 

4. Finish Grind 

5. Wash and Dry 

6. Width Gage, 100% 

7. Turn and Cut 

8. Bore 

9. Visual Inspection 100% (Only pans 
with Hard-Ring Tickets) 

10. Groove 

11. Burr 

12. Blow and AUgn Gaps 

13. Finish Turn 

14. Size 

15. Width Gage Percentage or 100% 

16. Wall Gage Percentage or 100% 

17 Weigh Tension Percentage or 100% 

18. Light Test Percentage or 100% 

(100% at Miscellaneous Inspection) 

19. Final Visual Inspection, 100% 

20. Gap Gage Percentage or 100% 

21. Oil and Roll 


Courtesy^ The Perfect Circle Company, Hagerstown, Indiana 

Fig. 35.3. Route and operation-sequence sheet for a piston ring. 

pared will be described in Chapter 37 under the order of work and dis- 
patching procedure. 

Special equipment has been developed to be used in connection with 
the modern punch-card tabulating machinery which greatly modifies and 
simplifies the preparation of all the orders and instructions used in pro- 
duction planning and control (see Fig. 35.7). Master route cards, in- 



482 


PRODUCTION CONTROL— ROUTING 


Ch. 35 


Equipment and Tool Name 


Part No. 


Tool No. 


Req*d. 


Cincinnati Milling Machine 
Yale Skid 

Clamps — Angle (set) — 3 

Cutter — Spiral Split 23^ X 6 X 14^^ (Use scrap cutters if 
available) 

Block — Riser 
Arbor— 23^ X 42^ 

Plate — Stop 
Crow Bar-^I>e«5*^ 

Coolant — Van Strkaton ^523 
Gage — Plate Width 


Punch — F orked 
Wrench — Double end (IJ^ X 1) 

Hammer — 8-lb. sledge— dbl.-face 

Bar — Spec, pry 

Wrench — dbl.-end (13^:4 X 1) 

Wrench — 13^ socket, right angle handle 
Brush — Chip 
Pan — Chip 

Block — Wood (Steel reinforced to protect machine) 

Cloth — Wiping 

Budgit Hoist 

Spacers — 23^^^ dia. (set) 


(512) 

(528) 

(814) 

(836) 


STD 

STD 

BT-2045 

BT-2248 

BT-2059 

BT-2220 

BT-2221 

BT-2222 

STD 

SPG-20532 

SPG-31000 

SPG-20531 

SPG-20531 

BT-2292 

STD 

STD 

BT-2225 

STD 

STD 

STD 

BT-2250 

BT-2224 

STD 

STD 

BT-4659 


836-17C2 

836-2C2 

814-4&6C3 

528-1C2 

512-1&2C1.5 


Chg. 

Let. 


Alteration Made 


Date 


Chg. 

by 


Chk. 

by 


Used on 
Model No. 


Eng. 

Chg. 


Design 

No. of Plates 

uA» 

Tol. 


Tol. 

836 

10 

14.375^ 


14.250^" 


814 

10 

-f .000 
-.070 

+ .000 
-.070 

528 

10 

12.407^ 

12.343'" 

512 

11 

10.905^^ 


10.812'" 



Fig. 35.4. Operation sheet. Note that the instructions are in sufficient detail 
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First Milling Cut Second Milling Cut 


Operation Procedure 

1. Cutter is mounted on arbor to mill conventional. The cut begins at stencilled 
end and progresses toward the tip end of plates. 

2. Wipe fixture and check to see that it is free of chips and dirt. 

3. Position end plate on fixture and secure. 

4. Remove plates from skid and load on bed plate one at a time until all plates are 
loaded; set plates at proper angle (see chart.) 

5. Tighten set screws in plate holding fixture. 

6. Hammer top edges for proper seating of plates. 

7. Retighten set screws securely and adjust shield. 

8. Start cutter and turn on coolant. Be sure that a steady flow is directed on the 
cutter while milling. 

9. Run table at fast speed until stencilled end of plates is within Z'* of cutter; then 
set machine to specified automatic feed. 

10. Mill plates (see chart for feeds and speeds). 

11. Upon completion of cut, reverse feed and run table at fast speed to original load- 
ing position. 

12. Turn off coolant and stop cutter. 

13. Clean out chips. 

14. Remove shield and loosen bolts on holding fixture. 

15. Remove end fixture. 

16. Loosen plates with bar and remove to skid. 

17. Clean bed plate and fixture. 

18. Position end plate on fixture and secure. 

19. Remove plates from skid and load in bed plate one at a time, milled edge down. 
Set plates at proper angle. 

20. Follow Procedures 5, 6, 7, 8, 9, and 10. 

21 . After 4^ of the plates have been milled, operator is to back plates away from cutter 
and have inspector check width of plates with gage. Make necessary adjustments. 

22. Follow Procedures 8, 10, 11, 12, and 13. 

23. Upon completion of entire cut, have inspector check width of plates at center and 

both ends. 

24. Follow Procedures 14 and 15. Cutter speed, r.p.m. : 40 

25. Loosen plates with bar and remove to skid. Feed in per. min.: 4 


Note: Dimensions = 0.010 unless otherwise specified. 

Shadow and Tool Sheet 

Operation: Mill Plate Edges 

Part Name Camber 

MePdsEng. L.A.H. 11-29-44 
Proc. Chk. A.A.W. 11-17-44 
Proc. by H.S.C. 10-28-44 

Drawn by S.T. 10-28-44 

Prod. Eng. 
Met’lrgv Chk. 
Insp. Chk. 
Prod. Chk. 

Date 

Date 

Date 

Date 

Dept. No. 

Mat’lSpec. S.A.E. 4330 

Sheet No. 1 of 1 

Curtiss-Wright Corp. 

Propeller Division 

Plant 

Beaver 

Oper. No. 880 


CourUiyt Louii A* Hradetky, Methods Engineer ^ Curtiss-Wright CorporoHonf PropeUer Division 


BO that a beginner can perform the operations with a minimum of instruction. 
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Fig. 35.5. Route sheet, showing specifications and operation standards. 
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OourfcBy, A, B, Dick Company 


Fig. 35.6. Mimeograph 92 duplicator equipped with industrial feed table, roll type 
feed, knife retainers, industrial hand wheel-collating rack, and convenient work 

surface. 



Fig. 35.7. Punch card used in production control. This card records hours worked, 
pieces approved and rejected, and machine setup time. Other cards may cover 

almost any other data. 
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struction sheets, and other forms are prepared and filed for future use.® 
These master cards cover every phase of production control when a com- 
plete punch-card system is used and are not changed until the product 
or some operation is changed. They are made up in advance of use. 
When an order for production is received, these master cards are used to 
duplicate the necessary forms, orders, and instruction used in production. 
The cards are released to the factory and, when returned, provide data 
in detail for payroll, cost determination, material control, and produc- 
tion control for later jobs. When the volume of production justifies the 
installation, this method of production control, cost collection, and pay- 
roll computatim offers real economies. It is particularly valuable in 
cost determination for parts, subassemblies, and the finished product. 
Much of the duplicating of orders and forms is performed by mechanical 
means after the initialjnaster card is made. 

Relationship between routing and scheduling. It is desirable in rout- 
ing to observe closely the conditions of the plant schedules to avoid 
leaving too much leeway in the selection of equipment and too much of 
the adjustment function to dispatching, which is largely a routine, clerical 
job when routing has been carefully and adequately done. After the 
original routing is done in mass production, the scheduling and dispatch- 
ing function is frequently performed by the same person, particularly 
when activities are divided on a functional basis. In routing, an attempt 
is always made to prevent the utilization of a large, expensive machine 
for a small job that can be done on a small machine; and yet, if the 
schedule of work is not providing operations for the large machine and 
is overcrowding the small one, the route man must take this situation 
into account in designating the path that material will follow. Although 
he desires always to use the machine that is best fitted for a particular 
operation, there is ordinarily no object in having machines idle while 
others have jobs waiting. 

Use of route charts. Standard route charts, which set forth graphically 
in definite order the operations, materials, machinery, and grades of labor 
required to make a finished product in the most economical manner, are 
utilized at times, particularly for new plants or departments. They serve 
as a valuable guide for the installation of the new production-control 
system and for the instruction of new employees, as a permanent record, 
and as a guide in drawing up route sheets for individual orders. They 
are most practicable with standard repetitive products but can be used 

®See Kenneth Porteous, ^Tactory Orders and Inventory Records,” Factory Mari- 
agement and Maintenance, Vol. 95, No. 9, September, 1937, pp. 69-80, for a descrip- 
tion of the system used by the Union Switch and Signal Company, Swissvale, Penn- 
sylvania. 
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profitably in any plant where the sequence of operations is similar, al- 
though particular operations may vary. On such charts the operations 
are so set forth that their sequence is made perfectly clear, and, if the 
product is assembled, the sequence of assembly of the various parts is 
carefully shown.® All independent groups of the finished product are 
so separated that those operations which may be performed independently 
may be seen at a glance. Generally the following information is in- 
cluded: materials needed, with symbols; operations, with numbers; and 
best machines or equipment for their performance. 

A combination schedule and route chart provides for the charting of 
all operations and assemblies in proper sequence upon a scale, which is 
so computed toward the left from final assembly that reference to the 
chart will indicate exactly when any component must be placed in pro- 
duction.^® This chart is so devised that the necessary operations upon 
components and the subassemblies into which they go may be performed 
in time to have them meet with other components for semifinal or final 
assembly on schedule. Such a chart is extremely valuable if shop condi- 
tions permit a smooth flow of work. 

® See Ralph Currier Davis, Industrial Organization and Management, Harper and 
Brothers, New York, 1939, Chapters 12, 13, 14, and 15, for an interesting discussion 
of production control. See especially p. 274 for a ‘‘manufacturing assembly diagram.” 

L. P. Alford, Cost and Production Handbook, Ronald Press Company. New 
York, 1937, pp. 245-257, 260. 
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PRODUCTION CONTROL— SCHEDULING 

Scheduling is the allocating of time. The plant engineer allocates floor 
space; the route man prescribes the path of an item through production 
and the seqilShce of operations; the schedule clerk allocates time or 
designates the time factor for specific operations. The most familiar 
form of schedule control is that of the railroads. The processes of 
industrial scheduling ?tre essentially similar. Predetermined schedules 
control the operations of the offices of railroad dispatchers. Similar 
schedules control the dispatchers of industrial production. Factory 
scheduling involves essentially the same elements. There are regu- 
larly scheduled orders of varying importance to be taken care of. In 
addition special orders and special conditions must be met as shop condi- 
tions change or as the regular schedule is interrupted. 

Professor Henry P. Dutton has said: 

Before an intelligent plan can be made for the production of an order, at 
least the following steps must have been taken: 

а. The translation of the order into terms of shop requirements. This in- 
volves editing the order into terms of shop pattern numbers, symbols and so 
on, also the preparation of parts lists and process analyses. 

б. The matching of requirements for materials, machine capacity and other 
elements against the shop capacity. This involves first, the check of parts lists 
against stock records and second, the setting aside of the required hours of 
productive capacity, after consideration of the reservations already made for 
other orders. Consideration of this stage may involve increases of permanent 
capacity, when warranted. 

c. Scheduling as shown above described, depends upon the securing or pos- 
session of knowledge of machine capacities and rates of output and is limited 
in its precision by the ability to maintain accurately the predicted rates of 
output.^ 

Professor Dutton^s first step is essentially clerical and follows pre- 
scribed patterns and procedures. The second step is concerned primarily 
with scheduling. The third lists the foundation upon which scheduling 

1 Henry P. Dutton, Trends in Production Control, an address delivered before the 
Annual Convention of the Society for the Advancement of Management in New 
York, October 5, 1939. 
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rests. There are two distinct parts to production scheduling. The first, 
a carefully drawn master schedule which indicates the relative impor- 
tance of manufacturing orders, may be developed before or coincidentally 
with routing. The second is the determination of the order of work, that 
is, the order in which each job is actually done at every work place. This 
phase of scheduling follows routing in performance and is carried on 
either before or coincidentally with dispatching. The determination of 
the order of work is primarily a scheduling f unction j whereas the actual 
releasing of the orders that start the work in the factory is a dispatching 
function. Inasmuch as these functions are frequently carried on coinci- 
dentally, it is difficult entirely to separate the two in a discussion. How- 
ever, in so far as they may be separated, the planning function in its 
elements, rather than in a particular situation, will be clarified. 

The master schedule. Manufacturing orders originating from direct 
customers^ orders, or as part of manufacturing budgets, should be so 
arranged that the plant may be operated at its maximum manufacturing 
effectiveness. If possible, each productive unit should be so provided 
with work as to allow it to be operated continuously. Primarily, how- 
ever, sales requirements must be met. When a company is operating on 
a complete budgetary basis, the master schedule is an extension of the 
budget. It is no exaggeration to say that the sales department, when 
operating within the prescribed company policies, provides the data or 
raw material from which the master schedule is built. Since the annual 
or quarterly budget cannot give details of customers^ orders not as yet 
received, it is particularly necessary that close cooperation exist between 
the scheduling division of the production-control department and the 
sales department in cases in which a plant manufactures both to cus- 
tomers^ orders and to stock. This fact indicates that, if the production 
manager does not directly control scheduling, the person who does must 
sit, along with the production manager, on such committees as deal with 
the coordination of efforts of the sales and production departments. 

The man in charge of scheduling has more frequent contacts with the 
sales department than any other member of the production-control de- 
partment, especially in a company manufacturing a standard product. 
In large plants the production-control manager may deal more with 
broad policies than with specific sales orders. In such an enterprise the 
arrangement of the production schedule may bq entirely a function of 
whoever is in direct charge of scheduling production. Manifestly, in 
small plants the production-control manager himself will directly control 
scheduling. 

In the development of a master schedule careful cooperation with the 
sales department is essential, in order not only that information concern- 
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ing sales needs from the delivery standpoint may be considered, but also 
that information concerning prospective orders may be secured. 

Master schedules in plants manufacturing for customers’ orders. In 
plants manufacturing primarily to customers’ orders most of these orders 
are subdivided into some such general classes as the following: rush, 
regular, repair, and stock. Any order falling into one of these classes 
will, in general, be given precedence in accordance with its class, which 
rank in the order enumerated. 

Rush orders include those which are received with necessary delivery 
dates so stipulated that the product will not be available for shipment on 
the required if it follows the regular production routine. It must 
either have special handling or be worked on overtime to meet the ship- 
ping date. In spite of the efforts of executives this class of orders seem- 
ingly never can be completely eliminated. Rush orders also include those 
on which there has been a tie-up somewhere in the production process, so 
that the order is behind its previously determined schedule, particularly 
when delivery promises have been made contingent upon adherence to 
that schedule in the manufacturing process. 

By regular orders are meant customers’ orders on which delivery dates 
that fit into the usual requirements of factory production are specified. 
Such orders ordinarily take precedence over repair orders on goods 
already sold, although there may be circumstances under which these 
repair orders will even be placed in the rush class. 

In some automobile plants repair parts for the service department are 
manufactured in a separate division for all models other than the one 
which is currently in production. If there are many repair orders, they 
may be put through on an entirely different manufacturing basis and, 
in large plants, in different departments from regular orders. 

Master schedules in plants manufacturing for stock. In a plant that 
manufactures a variety of standard items for stock the manufacturing 
budget forms the basis of the master schedule. This carefully drawn 
estimate of production serves as the basis for the development of the 
master schedule. Such a plant has a flexibility of scheduling that is not 
possessed by the factory which operates primarily to customers’ orders. 

The manufacture of materials for stock implies even a closer liaison 
with the sales department than does the production of orders directly 
to fill customers’ demands. It also implies a closer relationship with the 
policy control of the company, since, in order to schedule a product which 
has not yet been sold, it is necessary to have a definite knowledge of 
future company sales and production policy, as well as of the financial 
affairs of the plant. It is not to be assumed that those in charge of the 
preparation of the master schedule will have all this information. They 
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will, however, be governed by their demand-estimate procedure, which 
will have been so worked up as to include this detailed information con- 
cerning company policy whether or not there is a general budget. 

Companies which wish to avoid production tieups and which operate 
on the basis of manufacturing to stock usually have their schedules de- 
veloped months in advance. These schedules are generally based on 
expectancy for some such period as three months, with actual releases 
for purchased materials for only one month in advance. At the end of 
each month a review of the stock of finished products in the warehouse 
is made in comparison with the sales for the current month and the rea- 
sonably expected sales for the next period. The schedule may be con- 
tinued, revised upward or downward in the light of the monthly review. 
Producing for stock from a master schedule may be viewed as a replace- 
ment program. The schedule provides replacements for the withdrawals 
that are expected to be made during the period involved. Since these 
withdrawals are greater during certain months than others, the schedule 
anticipates this unevenness and builds up a reserve in the warehouse to 
meet any unusual demands. When adequate funds and storage space 
are available, the master schedule may be developed as an aid in stabiliz- 
ing employment. Unless some arrangement is made whereby these sched- 
ules may be readily changed, it is very likely that financial difiiculties 
may be encountered because a portion of the working capital is tied up 
in raw material awaiting processing or in finished products. The close 
liaison necessary between the scheduling function and the balance-of- 
stores function is evident.^ There must be continual conferences between 
those in charge of these two phases of control. 

The master schedule should not be looked upon as something rigid into 
which a new order finds a definite place upon its receipt in the shop, 
that place never to be changed. On the contrary, it should be regarded 
as a continually flexible piece of shop mechanism, which is modified 
week by week, perhaps day by day, as conditions change with the receipt 
of new orders, the completion of old ones, or the development of some 
new condition in the shop. 

Master schedules based upon productive capacity. On unstandardized, 
diversified products the master schedule may be set up in terms of hours 
of work ahead on given classes of products. Such information, which 
may be termed the balance of work ahead, can be easily communicated 
to the sales department. If accurate data have been accumulated regard- 

2 Because of the close cooperation necessary between the balance-of-stores-Iedger 
clerk and the scheduling clerk, it is quite common to find both in the production 
control planning department. 
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ing machine productive capacities, these data may be used as a basis of 
the master schedule. Machine-tabulation control methods described in 
Chapter 35 are particularly well adapted to indicate the number of 
hours of work ahead of machines. In making sales, the sales department 
can deduct the time required for manufacture of the product from the 
balance and thus can always know the unfilled capacity of the plant 
which it may sell. Such a program involves determining everything, by 
departments, in terms of the hours of time it takes to produce the product. 
The sales department must be kept constantly informed concerning this 
situation. In a sense the sales department sells departmental time rather 
than product^J®and the scheduling work is concerned with time rather 
than with products. 

Issuing of manufacturing orders. A single manufacturing order may 
cover only a portion oHhe manufacturing budget for a particular article, 
or it may combine two or more customers^ orders for the same article.^ 
Thus small customers’ orders or large stock orders are increased or sub- 
divided into profitable manufacturing quantities. The shop does not 
care who gets the finished product; it wants to know how much is wanted 
and when the order is needed. This information usually is stated on the 
manufacturing order, and the due date which is placed upon it corre- 
sponds to the sequence of the master schedule. It is thus clear that the 
master schedule must be so arranged as to indicate (1) the due date of 
all orders, (2) groupings of orders into broad classifications of importance, 
and (3) subdivisions of groups in accordance with particular circum- 
stances, such as the time required to manufacture. 

The Gantt chart. The creation of a schedule based on standard hourly 
production, and the ability of a sales department to keep manufacturing 
departments constantly supplied with orders, are greatly facilitated through 
the use of Gantt Load Charts,^ similar to the illustration (see Fig. 36.1). 
This chart, which illustrates the scheduled load of a foundry, shows the 
status of work as of September 19. The first line for total foundry shows 

2 Some manufacturers, particularly in the clothing’ industry, release production to 
the processing departments in quantities measured in terms of the producing capacity 
of the departments on a time basis, such as one hour. These releases are known as 
^^blocks^’ and may be made up of several customers^ orders combined to give the 
hour^s work, or it may be only a part of one customer’s order, depending of course 
on the size of the orders. Other manufacturers in mass production release orders in 
terms of lots which may cover a part of a day’s run or several weeks’ run of the same 
part or product. All labor and material that can be allocated to the lot is charged 
to the particular lot number. This system ties in well with the cost-control program. 
The releases and schedules of the materials are in terms of the lot. 

^ See Wallace Clark, The Oantt Chart, Sir Isaac Pitman and Sons, Ltd., London, 
1938, for an excellent discussion of the use of charts in production control. 
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Courtesy, Charles A. Koepke, **Plant Production ControV 
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that there were 92 men, who, when working a 40-hour week, had 3680 
productive hours available. The narrow lines indicate the work sched- 
uled for each week, and the heavy line the cumulative total of work ahead 
of the foundry. This chart also shows a breakdown of each of the foun- 
dries and the different floors or divisions in each foundry. For instance, 
in the iron foundry there were 16 moulders, having a total of 640 produc- 
tive hours, on the crane floors. They were behind schedule, as shown 
by the broken heavy line. The total amount of work ahead, however, 
was not excessive, being only about 2% weeks^ work if the men could 
keep at it without interruptions. The moulders in the steel foundry on 
the side floor««were about 2% weeks behind schedule. The letter Z in- 
dicates the date beyond which no work was scheduled, yet the heavy line 
for the moulders on the side floors in the steel foundry shows that it would 
take them 3 weeks beyond their scheduled date to get out their produc- 
tion. A glance at this chart tells the schedule man where he needs to 
work to keep his men busy and also where he is behind schedule. 

The same Gantt charting technique may be used for recording inven- 
tory controls and the progress of any particular item or product through 
production. The charting technique is particularly valuable in emer- 
gencies, at the start of a new job, or during rapid expansion. They are 
often appreciated by a busy executive who wants a quick picture of his 
entire operations. There are mechanical boards that merely duplicate 
the Gantt principle (see Fig. 36.2). When operations are proceeding 
smoothly, it is likely that neither the Gantt charts nor the mechanical 
boards that show the progress of production will be kept up to date. Such 
devices are worthless unless they indicate current conditions. 

Another method of keeping a record of the hours scheduled ahead of a 
machine is a simple card type of ledger for each machine or group of 
similar machines in a work center (see Fig. 36.3) . It is somewhat simpler 
than the Gantt chart and is well adapted to a small enterprise. Figures 
36.4 and 36.5 illustrate two other methods of keeping production records. 

Detailed scheduling or prescribing the specific order of work. The 
preparation of the order of work differs from the development of the 
master schedule, inasmuch as it concerns itself with detailed operations 
of manufacture of a product, rather than with the completed product. 
The control exercised by the master schedule emphasizes bringing the 
final delivery date to such a point as to coincide with the needs of the 
sales department. The development of the order of work should control 
the step-by-step progress of the job through the factory so as to bring 
the finished product through the process of manufacture in time to meet 
the needs set down by the master schedule. Changes are but infrequently 
made in the master schedule, as compared to changes in the order of work. 
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Courtesy, Automobile Manufacturers ^ssooiutwn 
Fig. 36.2. Machine load board. 



Courtesy, Charles A. Koepke, **i*lant Production Control'* 
Fig. 36.3, Machine load ledger. 
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The order of work reflects the ebb and flow of factory conditions. If a 
machine is broken down or a workman is absent, the order of work on 
another machine or for another workman may be changed in order to 
meet the needs of the current schedule. On the other hand, such small 
recurring factors do not in any way affect the master schedule. 

The routing of a given part or assembly must not be confused with the 
scheduling of the order in which different work is processed through the 



Courtesy, Diehold Incorporated 
Fig. 36.4. A Cardineer installation used in scheduling. 


shop. In the development of the master schedule the orders must neces- 
sarily be arranged in accordance with their relative importance. In de- 
termining the order of work the operations must be arranged with con- 
sideration of the amount of work which must be done on each and the 
conditions which exist in the shop, as well as the date when the final work 
on each order must be completed. 

The relationship of the schedule clerk to the line officers. With cen- 
tralized planning, the foreman comes into contact with the order of work 
but infrequently. In decentralized planning, the foreman often makes 
out the order for his own department. In centralized planning it is most 
necessary that the foreman be given the responsibility of taking up with 
the planning department any order of work which he may feel is illogical. 
When dispatchers other than the schedule man are used in centralized 
production control, the contacts of the foreman are with the dispatcher 
or the follow-up man. It is^highly important that this be a cooperative 
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relationship, for the man operating the department often can suggest 
ways of facilitating production at a reduced cost without interfering with 
delivery dates. 



Courtesy, Crucible Steel Casting Company 
Fig. 36.5. Visible index records used in production control. 


The work of scheduling culminates in reports given to the works man- 
ager and other major executives of the concern. Besides a ^^balance of 
work^’ or ^^oad ahead^^ report, which indicates unapportioned capacities, 
reports may be made at intervals by the scheduling division to show: 

1. A detailed list of all customers* orders in process. 

2. A detailed list of all stock work in process. 

3. A detailed statement of causes of delay or changes in the order of work whidi 
have held up production and which may be remedied or improved by executive action. 
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PRODUCTION CONTROL— DISPATCHING 

Dispatching. Dispatching includes the execution of all the plans of the 
routing and scheduling sections of the production-planning and control 
department. It consists largely of transmitting orders to the shop and 
is carried on cmcurrently with the operation of the schedule or order of 
work, but is purely a clerical function. Except in large plants the opera- 
tion of the order of work and dispatching are likely to be carried on by 
the same individual. Tor clarity of illustration these functions will be 
discussed as if handled by two persons. 

Illustration of central production control using planning boards. For 
illustrative purposes it is best to describe one basic system, although it 
is fully realized that there may be many modifications of the system 
described. This system will presume central operation of all phases of 
planning in a shop in which the nature of the product and orders makes 
necessary complete control of each separate operation. The type of jobs 
and size of lots are varied and are such that the operations are long 
enough to make this control profitable, yet short enough to allow at least 
three jobs to be planned ahead of each machine or workman. Changes 
in these basic conditions would necessitate changes in the system. This 
system indicates the factors in production which must in some manner 
be controlled by the order-of-work clerk and dispatcher. It will be de- 
scribed in full detail, including all forms which are necessary for its 
operation. The factors which must be controlled include the equipment, 
raw and worked materials, tools, instructions, inspection, shop transpor- 
tation, and sometimes the workmen. Study of this system is particularly 
valuable because it clearly controls each of these factors separately and 
thus clarifies systems which combine control over several factors in pro- 
duction. The fundamentals of this system are probably used in more 
planning departments than those of any other, and many other planning 
systems are clearly developments which use this one as a basis. 

The greatest aid in operating an order of work is some sort of continu- 
ous visual check on the condition of the shop. The type of check here 
described is known as a bulletin board, or planning board (Fig. 37.1). 
Through the operation of this bulletin board or its equivalent, those in 
charge of the order of work and dispatching have always before them 
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an accurate picture of shop conditions and, through the added aid of the 
route sheets, the status of all orders. The planning-department bulletin 
board pictured is known as the three-hook type. Pairs of hooks are 



Fig. 37.1. Section of planning-department bulletin board. 


arranged in vertical rows in sets of three for each machine or work sta- 
tion. Each pair of hooks is utilized to indicate the position of work in 
the shop with respect to that particular machine or work place. These 
hooks will be referred to as the first, second, and third hooks; they repre- 
sent work in the following stages: 

1. The work which is on the machine. 

2. The work at the machine ready to be started. 

3. The jobs ahead in the shop and tentatively assigned to the machine or work 
place. 

The lower portion of the board consists of a number of small compart- 
ments, one for each work station shown on the board, and other compart- 
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merits for miscellaneous uses. The compartments in the center of the 
board, which correspond to the machines or work stations which the board 
controls, are utilized for filing tickets relating to work assigned to the 
particular machine. The three compartments to the right are used for 
temporary filing of tickets that control the issuance of tools, drawings, 
and instructions. The other compartments are used for miscellaneous 
purposes. 

In each department of the shop there may also be found a bulletin 
board (Figs. 37.6 and 37.7) which displays information concerning work 
for each machine or work place in the department. This departmental 
bulletin boar4femay be regarded as a replica of the section of the central 
bulletin board which deals with the department. It is set up in the de- 
partment for the purpose of more readily correlating the activities of 
the shop foreman andjjie central planning department and does not imply 
decentralized planning, although similar bulletin boards are frequently 
used in the departments when production control is decentralized. 

Indicating the order of work. The schedule man constantly aims to- 
ward the master schedule, from which he determines the time when it is 
necessary to place an order or a component of an order in production. 
He must consult the route sheets pertaining to the order for the path 
to be followed through the shop. In operating the order of work, he 
must constantly consult the route sheets, since any determination of the 
time when an operation is to be performed must rest largely upon the 
availability of the machines or workmen involved. When an order is 
to be started, he must first consult the route sheets to ascertain whether 
material is available. He can determine this by consulting the check- 
marks which have been placed on the route sheet opposite the heading, 
^^Material Apportioned and on Hand.” If he is dealing with an assembly 
operation, he consults the assembly route sheet and there ascertains 
whether the necessary material has been checked, ^^O.K.” All such checks 
will have been made by the balance-of-stores clerk, who, since he controls 
stores, will be in a position to place this necessary information on the 
route sheets. If material is available, the order or component may be 
placed in production. 

To place an order in production involves taking from the files certain 
of the dispatching tickets, which were prepared at the time the order was 
routed, and starting them through the routines which they affect. These 
tickets include material requisitions, identification tags, and move tickets. 
The requisition forms were partially considered when the operation of 
the storeroom was described. They are prepared from the route sheets 
or bill of materials and filed. Before being filed, however, they pass 
through the hands of the balance-of-stores clerk, who utilizes the infor- 
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mation on them to increase the Apportioned column of the proper balance- 
of-stores sheets, correspondingly to decrease the Available column, and to 
take such other steps as may be necessary, for instance, to order ma- 
terials. When the order-of-work man removes the stores requisitions 
from their file, they again pass through the hands of the balance-of- 
stores clerk, so that he is enabled to write off the material which is being 
issued from the On Hand and Applied on Orders columns. The for- 
warding of requisitions to the storeroom is a function of dispatching. 
Usually, it is only necessary for the order-of-work clerk to place the 



Fig. 37,2. Identification tag. 


requisitions in a designated place, which will indicate to the dispatcher 
that these slips are to be forwarded to the storeroom and the correspond- 
ing orders thereby placed in production. 

When the dispatcher sends a stores requisition to the storeroom, he 
sends along with it the necessary number of stores-identification tags, 
which have already been prepared and filed (Fig. 37.2). Such tags are 
attached to all stores issued and stay with the materials throughout the 
production process, thus clearly identifying them with the production 
order on which they are being used. The move ticket (Fig. 37.3) is then 
sent by the dispatcher to those in charge of interior shop transportation, 
as authority to move the material in question from the storeroom to the 
department and production center where the first operation is to be per- 
formed. If the route sheet indicates alternate machines on which a given 
operation may be done, the writing of the move ticket is at times left to 
the dispatcher, who selects the machine by consulting the planning board 
regarding availability. Identification tags and move tickets are often 
profitably combined. 
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The set of check columns on the route sheets used for recording the 
performance of designated operations now comes into use. The columns 
are headed ^^Move/* ‘^Operation,” 'Tirst Inspection/’ and “Final Inspec- 
tion.” A check is made by the dispatching clerk when he orders the per- 
formance of any of these functions on any operation indicated as neces- 



Fia. 37.3. Move ticket. 


sary by the route sheet. For instance, when he issues the move ticket 
and orders the materials from stores to the first operation, he may draw 
a vertical line halfway down the small space under Move and opposite 
the first operation, thus indicating that he has ordered this action. When 
the move has been completed, those in charge of shop transportation re- 
turn the move ticket to the planning department, noting upon it that the 
move has been made. The dispatching clerk may then transfer this in- 
formation to the route sheet by completing the vertical check under Move 
and opposite the first operation. Anyone who consults the route sheet 
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will therefore be informed immediately concerning the status of the order 
at that time, namely, that the material is at the machine ready for the 
first operation, but that this operation has not yet been performed. 

Immediately upon receipt of information in the planning department 
that material has been moved to a production center, the scheduling 
function of indicating the order of work again becomes important. At 
the time when the order was routed, there were placed on the third hooks 
of each machine or work place affected by the order triplicate copies of an 
operation ticket (Figs. 37.4 and 37.5). This ticket describes and controls 
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OPERATION ORDER C 1318 

OPERATION NUMBER 

7 

TO EARN BONUS. WORK MUST 

BE DONE IN 

2.48 

NO. PCS. 

10 

AMOUNT OF BONUS 


DRAW. NO. 

53748 

IN 

OUT 

WANTED FOR 

MACH. NO. 

91 

HOLD FOR 




Fig. 37.4. Operation ticket. 


the operation to be done on the machine in connection with the order. 
The tickets hanging on the third hooks at any time clearly indicate the 
balance of work ahead of each machine or department not yet engaged 
in production. If alternate routing to a group of machines is provided 
by the route sheet, the operation tickets usually are hung on the third 
hooks of one machine of the group previously designated. When material 
is moved to a production center, the order-of-work man must remove 
the proper triplicate set of operation tickets from the third hook and place 
two of them in proper sequence on the second hook. The 'position in 
which he places them on the second hook determines the order of work 
for that operation on that machine in relation to other operations already 
scheduled for the machine. He determines the position according to the 
needs of the master schedule. The two copies that are placed on the 
second hook are the planning-department bulletin-board copy (white in 
color) ^ (Fig. 37.4) , which primarily controls sequence, and the drawing, 
tool, and instruction card issue copy (pink in color) (Fig. 37.5) . At the 


1 Any color combinations may be used. 
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same time that these two copies of the operation order are placed upon 
the second hook, the manila or shop bulletin-board copy is taken to the 
shop board and placed there. 

The shop bulletin board illustrated in Fig. 37.6 consists of two sec- 
tions: on the right a series of pairs of hooks serially numbered; on the 
left a series of clips under headings for each machine or work station in 
the shop. When the shop copy of the operation order is placed on the 
shop bulletin board, it may be hung on any one of the serially numbered 
pairs of hooks which may at the time be vacant. At the same time that 


DRAWING 

AND 

INSTRUCTION 

CARD 

ISSUE 

o o 

OPERATION ORDER C 

OPERATION NUMBER 

7 

NUMBER OF INSTRUCTION CARDS 

1 

NO. PCS. 

10 

NUMBER OF TOOL LISTS 

1 

DRAW. NO. 

53748 

ISSUED BY 

RECALLED BY 


MACH. NO. 

91 

SIGNED 

SIGNED 





Fig. 37.5. Operation tieket. Drawing, tool, and instruction card issue copy (pink). 


this operation order is placed on this pair of hooks, there is placed under 
""the machine heading a strip of cardboard on which is found a number 
corresponding to the serial number of the hooks on which the operation 
order is hung. The relative position of this strip of cardboard to other 
similar strips under a machine heading indicates the order of work for 
the machine and corresponds exactly to the order of work as found on 
the second hooks of the planning-department board. Another form of 
shop board, used at the Universal Winding Company, as illustrated in 
Fig. 37.7, provides for the placing of operation orders in sequence directly 
under the machine numbers. Either method gives the necessary flexi- 
bility of operation. 

Conditions of a particular shop will determine the number of opera- 
tions for which material should be on hand at any production center, and 
also the number for which tools, drawings, and instruction cards should 
be on hand. Unless the tools are special, they will be used on more than 
one operation, and it is, therefore, not wise to have too many waiting at 
the production points. The pink operation ticket controls the issuance 
of the tools, as well as the drawings and instruction cards. The handling 
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of this ticket depends largely upon shop conditions and the number of 
jobs ahead of particular machines. It may not be placed upon the sec- 
ond hook at all, but may be used immediately to order the tools, drawings, 
and instruction cards to the shop. Or, if there are a number of operation 
tickets on the second hooks, it may be placed on the second hook with 



Fig. 37.6. A shop bulletia board. 


the white operation ticket, as already indicated, until the job is the sec- 
ond or third ahead. In any case, when it is desired that the tools, draw- 
ings, and instruction cards be issued, the pink operation ticket is placed 
in the small compartment in the lower right-hand portion of the planning 
board marked ^^ISS” or issue. These tickets are periodically collected by 
a messenger, who, consulting them, takes the proper instruction cards and 
tool lists from the files and any necessary drawings from the drawing 
cabinet to the work station. The tool lists with the requisite number of 
tool checks are subsequently forwarded by the foreman to the toolroom, 
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as a requisition for the necessary tools for the operation. This procedure 
insures the utilization of standard tools for each operation. The pink 
ticket is then filed in the central section of the bulletin board under the 
machine number, thus indicating that the instruction cards, drawings, 



Fia. 37.7 Shop foreman's bulletin board, Universal Winding Company^ Providence, 

R. I. 


and tools are at the machine and the operation is thus ready to be per- 
formed. 

Dispatching to the workman. Let it be assumed that a workman has 
just completed an operation on a machine. He brings or sends to the 
dispatch window of the planning department the time ticket (Fig. 37.8) 
which was issued to him at the same window at the beginning of the 
operation. This time ticket is stamped with the time of receipt, and the 
workman is ready to receive a new time ticket for his next job. The dis- 
patcher consults the bulletin board and ascertains which job is next on 
the order of work on the second hook of that machine. He places this 
operation ticket on the first hook after removing the operation ticket for 
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the job just completed. He then proceeds to the route file, removes the 
time ticket and inspection ticket (Fig. 37.9) for the new operation, hands 
the time card to the workman, and forwards the inspection ticket to the 
inspector. At the time that the dispatching clerk hands the time ticket 
to the workman, he draws on the route sheet a half check line under the 
headings ^'Operation^' and ^Tirst Inspection'^ for the task. When the 
workman brings back his time ticket, indicating that the work has been 
completed, the dispatcher completes this check line. After the inspector 
makes his first or check inspection, the inspection ticket is returned to 



the dispatcher, who completes the check line under first inspection. This 
use of the route sheet as a progress chart clearly illustrates the de- 
sirability of having it filed in such a manner as to be readily accessible. 

Upon receipt of the time ticket from the worker at the completion of 
the operation, the inspection ticket is reissued to the inspector for record- 
ing of the final report concerning quality and number of the lot that is 
good and can be continued in process, and a half check line is drawn 
under that column. Upon receipt of the final inspection report from the 
inspector, this line is completed. The time and inspection tickets are 
now forwarded to the rate-setting or cost department for addition of 
bonuses, deduction of penalties, and general payroll purposes, as well as 
for entry on the necessary cost records. 

Upon the receipt of the final inspection ticket from the inspector, the 
pink operation order controlling the drawings and instruction cards is 
removed from the receptacle under the machine number at the bottom 
of the planning board and placed in the lower right-hand corner of the 
planning board under the heading ‘‘REG,” signifying recall. This is a 

















508 


PRODUCTION CONTROL— DISPATCHING 


Ch. 37 


signal to the messenger to bring back all drawings, instruction cards, 
and tool lists from the machine or work place to the planning department, 
where they are properly filed. It is a function of the foremen to see 
that tools are returned to the toolroom at this time. 
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Fig. 37.9. Inspection ticket. 


Upon the receipt of the final inspection ticket, the move ticket is issued 
for the next operation as indicated by the route sheet, and a half check 
line is drawn under the Move Column for this operation. Upon the re- 
ceipt of this move ticket, those in charge of shop transportation move 
the worked materials from the machine where the work has been com- 
pleted to the machine or work place where the next operation is to be 
performed. They then return the move ticket to the planning depart- 
ment, a full check line is drawn under the heading *^Move^^ for this opera- 
tion, and all procedures, as explained for the first operation, continue for 
the second and other succeeding operations in exactly the same manner. 
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If a job is interrupted and the operation postponed for any reason, the 
operation ticket is removed from the first hook and placed on the second 
hook, in conformity with the proper order of work. At the same time all 
drawings, instruction cards, and tool lists are recalled from the shop, if 
the delay is to be long. Such recall is accomplished through the removal 
of the pink operation ticket from under the machine number at the bot- 
tom of the planning board. This ticket is placed in the lower right-hand 
compartment headed 'TNT,’’ signifying interruption. The messenger, 
observing the pink slip in this location, brings all papers from the shop 
and files them. 

The planning board gives a picture of shop conditions. The bulletin 
board, when operated as described, gives a bird’s-eye picture of condi- 
tions in the shop at all times. A card with the words “No Man” printed 
upon it may be hung under any machine where there is work to be done, 
but no operator is available. A “Man Not In” card may be used to 
indicate that an operator is absent; a “Machine under Repair” card, that 
a machine is shut down for repairs. These cards are usually in distinctive 
colors which will enable members of the planning department quickly 
to visualize shop conditions. Some plants, in place of certain of these 
cards, prefer a “Machine Inactivity” card, on which the relevant in- 
formation may be checked. This card may be time-stamped and for- 
warded to the cost department for computation and distribution of idle- 
time costs. 

Important forms used in dispatching. The time ticket serves more 
purposes than any other form used in dispatching. It informs the worker 
of his rate, if this is not on the instruction card. It records the length 
of time consumed in the operation and is, therefore, a basis for all cost 
computation and wage payment, and it is a vital link in the dispatching 
system. The amount of information which must be placed upon it, there- 
fore, is great, particularly in comparison to a ticket, such as the operation 
ticket, which is used only for control. Duplicate copies of time tickets 
may well replace operation tickets, unless it is felt that the larger amount 
of information on the time ticket may lead to confusion, or to using too 
much space on the planning boards. The order which is to be charged 
with the labor represented by the ticket must be indicated, as well as the 
operation number, which will make possible allocation of costs to opera- 
tions or departments. Provision must be made to indicate the time when 
the ticket is issued and returned. The time when the job is completed 
is stamped above the time when it is begun, to permit easy subtraction 
of elapsed time. If an incentive wage system is used, it is desirable to 
indicate standard time, the base rate, and the bonus earned on the time 
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ticket. At the bottom of the ticket there may be check spaces headed 
^^Route Sheet/^ ^Tay Sheet/’ and ^'Cost Sheet/’ to provide for checking 
proper posting of the time ticket. 

One development in time tickets is the use of tabulating-machine cards, 
as illustrated by Fig. 35.7. All the necessary information can be written 
on the card; and then, when full use has been made of these data, the 
card can be punched, on the basis of this information, for use in the 
tabulating machine. The cards can then be run through the tabulating 
machines, and information concerning general shop conditions, conditions 
of work, or wage payment quickly secured. Some plants are using carbon 
copies of tab^ting-machine time cards for control of operations in the 
usual way. 

Many types of planning boards have been constructed. A simple, 
effective board which tises tabulating-machine cards for time tickets has 
been utilized by the Paine Lumber Company of Oshkosh, Wisconsin. 
J. J. Davis, industrial engineer of this company, has described the opera- 
tion of this board as follows: 

The basis of the scheme is a job card for each operation to be performed on 
each job or order, on which is entered, on a special line, the time required for 
the operation. A heavy line of the proper length is then drawn through the 
scale to represent the time required. ... On the left of the board all opera- 
tions performed in the department are indicated by symbols, together with the 
machines or other equipment upon which they are performed. . . . Across the 
top is a time scale corresponding to the scale printed on the cards. Hooks at 
top and bottom of the board hold an elastic tape to aid in locating current time. 
They are spaced for each half day. ... If separate cards are desired for sev- 
eral workmen performing one operation, they are all filed together. . . . The 
cards for each order or lot are separated according to the length of the line 
drawn on the scale. The time required for each operation determines the time 
at which succeeding operations may start, and at which similar operations upon 
other parts should start, and at which assembly may start without being de- 
layed for parts. When all cards for jobs ahead are properly filed, the board 
then presents a complete picture of work ahead of the department. To aid 
interpretation of this picture, pink cards are inserted to indicate idle equipment 
and workers, which are changed to green cards when other work has been pro- 
vided for the operators. A messenger or workman from each crew comes to 
the board with cards representing completed order or lot, and takes cards for 
new orders with complete instructions, leaving exposed a colored card filed 
back of work cards indicating job in process on each operation. The method 
of filing cards makes it very convenient to change the plan and provide for 
machine breakdowns, absent help, variations in actual time consumed on any 
operations, etc. This feature of flexibility makes it possible to provide for such 
irregularities and emergencies with the least possible interruption of assembly 
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or completed work, as well as to lay out the work in one way and then try to 

work out a better rotation.^ 

Check spaces on forms. A most important part of any form used in 
control is the series of check spaces provided to insure the performance 
of all tasks that deal with the information covered by the form. Manu- 
facturing orders, time and job tickets, and other forms which are the 
basis for a procedure involving two or more persons may all have these 
check spaces provided. They not only permit quick placing of responsi- 
bility for errors made, but also prevent errors and oversight and insure 
that, once a procedure is started, all necessary steps in connection with 
it will be taken. 

2 The Society of Industricl Engineers Bulletin, Vol. 9, No. 11, p. 3. 
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PRODUCTION CONTROL IN DIVERSIFIED MANUFACTURING 

General considerations. In presenting the details of a complete system 
of production planning and control in the previous chapters, it was 
realized that ipmy modifications are made with experience and practice 
in a given situation. Since the purpose of production planning is to 
control operations in such a way that they will be performed on time 
and at the lowest cost, 9 are must always be exercised that control schemes 
do not slow up production. If the planning system is so arranged that 
much time is used by the workman in the exchange of job cards, or if 
an inordinately large clerical force must be provided to handle the plan- 
ning procedures, the difficulty probably is that the planning has been 
attempted on too exact a basis and that, in the attempt to reach perfec- 
tion, costs have been unnecessarily increased. Planning which is ninety- 
eight per cent effective is likely to prove more profitable than planning 
which strives to reach perfection. In developing an order of work, if 
perfection is sought, it is probable that alternate provisions for work 
which has been planned ahead will not always be ready. In practical sched- 
uling the planning department makes arrangements to take care of the 
hold-ups which inevitably occur, and therefore in the long run the control 
of production operations is smoother. 

Adjustments to meet special conditions. It is essential that the form 
be not misunderstood for the essence. These chapters form a ready basis 
for adaptation and simplification. They clearly indicate a unified method 
of handling all the factors of production which must be currently con- 
trolled while an order is in process. One method of developing planning 
boards has been described in detail. Some companies, instead of using 
planning boards with hooks, use pockets or boxes for the distribution of 
tickets controlling operations (see Figs. 38.1 and 38.2). Many plants 
utilize a two-position planning board, rather than a three-position board, 
as described. In such cases jobs are not posted until an operation is 
ready to be performed, the operation tickets being retained in the file until 
that time. The rest of the work, instead of being secured from a third 
position, is obtained from some sort of a load chart. 

Using a single form for multiple purposes. One of the first steps in 
consolidating individual forms is the combining of identification tags 

512 
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with move tickets, particularly when most of the manufacturing is of a 
standard nature, even though many dijfferent products are made. Since 
the route that materials are to take is usually determined when they 



Fig. 38.1. Dispatch station of General Electric Company, Schenectady plant. This 
type of dispatch station is frequently used in a decentralized production-control 
system. Note pockets in special desk and special blueprint file. 

leave the storeroom, this move is logical. To run off the single ticket 
containing the additional information takes only half the time required 
for the two individual tickets. The identification tag may be somewhat 
enlarged, and on the back may be placed the route through the plant. 
As one operation is completed, the move may be ordered by the inspector 
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who has passed the materials, or, if no inspection is needed at that point 
in the process, as is often the case, the move man may receive orders to 
move from the shop foreman. In such cases the movement of the mate- 
rial is reported to the planning department at the same time that the 
inspection report or the job ticket is handed to it. The department has 
continual knowledge of the location of the material, but it orders the 



Courtesy, Charles A. Koepke, **Plant Production ControV* 

Fig. 38J2. Section of a three-pocket dispatch board. A two-pocket or a one-pocket 
board is constructed essentially the same as a three-pocket board. 

movement from each operation at the time that it first orders the goods 
from the storeroom. If minor changes are needed, they can easily be 
made on the identification tag when the goods are in process, by a repre- 
sentative of the planning department. Such a tag is illustrated in Figs. 
38.3 and 38.4. 

Combination time^ inspection, and move ticket. It is possible to make 
almost any combination desired on the same ticket (see Fig. 38.5). One 
way to use such a ticket is to run off one more copy than there are opera- 
tions. These copies may be inserted in a celluloid envelope. As each 
operation is finished^ the operator's clock number is filled in, together 
with the finishing time, the starting time having been filled in as he 
started. The inspector makes his notation and checks the next operation 
to be performed on the top sheet remaining in the envelope. The finished 
operation ticket is sent to the schedule clerk, and the foreman or inspector 
tells the trucker to take the material to the next operation. The extra 
copy remains with the work after the last operation is finished. When 
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all the forms for each operation are inserted in the envelope as the work 
starts, the schedule man does not have quite so close control as when he 
issues a separate form for each operation, but he can follow the work 
by checking the ticket sent him after the inspector's count. 


STANDARD PROCESS TRAVELER 
□ SUB>ASSEMBLY □ ASSEMBLY □ PART 


ASSY OF PART NUMBER MFQ. ORDER NO QUANTITY LOT NUMBER RANGE ASSY OR PART NAME 

1294 Back Shtll 


DATE ISSUED DATE WANTED SIZE CASE NUMBER RANGE 


STANDARD FOR 100 PIECES 

QUANTITY, SIZE, WEIGHT MATERIAL REQUIRED 


SPEC. NO. DESIGN NUMBER DECORATING • FINISHING INSTRUCTIONS 


MATERIAL SPECIFICATION -SIZE -TEMPER 


Sterlinc Silver - Soft 


0.021” x3i'* Wide Coll 


DELIVER TO DEPT. NO 33-1 



Fia. 38.5. Combination time, inspection, and move ticket. 


Thus the planning department need only order performance of an 
operation, and inspection and movement follow automatically. This 
situation gives the foreman somewhat more direction of the production 
process. In such cases proper modifications must be made in the check- 
ing of progress on the route sheet and the issuance of new job cards to 
the worker. Time must ordinarily be stamped on the time cards by the 
foreman or his representative in the shop, and new job cards must be 
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issued on the request of the foreman, as he sees that the worker is nearing 
the end of a job. This change is necessitated by the retention of the 
time ticket in the shop until after final inspection of the operation. 


TIME TICKET 


i 


SCHEDULING DEPARTMENT 


SHOP TRAVELER 


RAW MATERIAL TAG 


MATERIAL REQUISITION 


OPERATION COMPLETION NOTICE 


TOOL WITHDRAWAL 


MATERIAI 


AVELER 


DEPARTMENT WORK ORDER 


FINAL PART INSPECTION 



Courtesy, A. B. Dick Company 


Fig. 38.6. A master form. One stencil will run off all the forms used in production 
control. The different forms have the proper headings printed for all permanent 
data. The rest is placed on a stencil that will run as many copies as are needed for 

one order. 


Preparing all tickets from one master. Figure 38.6 illustrates forms 
that are run from a stencil by the A. B. Dick Company. This same in- 
formation is listed on each of the following tickets: 

1. Scheduling department. 

2. Department work order. 

3. Tool withdrawal. 

4. Material requisition. 

6. Raw-material tag. 
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6. Material traveler. 

7. Operation-completion notice. 

8. Shop traveler. 

9. Final inspection report. 

10. Any other tickets or records that may be needed. 

As many copies as are desired may be run. Each ticket contains the 
same information, but the ticket may also be drawn so that any additional 
information may be inserted at the appropriate time as the part moves 
from place to place. In many such operations great ingenuity has re- 
duced the amount of clerical work required in making out production- 
control forms. This type of procedure not only saves time but also con- 
tributes to accuracy. If the original master copy is correctly prepared, 
all the other copies will be exact duplicates. 

Strip operation tickets. Strip operation tickets are frequently used in 
plants having largely standardized operations. This does not mean that 
all items must be made alike but that there is a high degree of standard- 
ization in spite of the dilferent sizes and types, as in the manufacture of 
men's clothing, shoes, hosiery, and many other items. Such a ticket is 
illustrated in Fig. 38.7. This ticket is assigned a number and attached 
to the batch of materials as it is about to start through a series of 
operations. It has a coupon for each operation in the series. As the 
worker performs an operation, he detaches a coupon; part of it he usually 
gives to his supervisor for transmission to the planning department, and 
part he retains for purposes of checking with his pay envelope. This 
portion of the coupon is necessary for the worker, since there is no direct 
check with him to insure that he has received credit for his work. He 
receives such credit only as a batch of tickets is turned into the planning 
department. If operations are short and must be performed in the same 
sequence, this gives all the necessary control for the planning department 
and at the same time allows the goods to flow through the factory 
promptly. 

A number of different strip tickets can be provided for the whole se- 
quence of operations, each ticket covering a controllable unit. The order 
of work can be maintained throughout the sequence of operations covered 
by one ticket, if the numbers on the tickets correspond with the order 
of work, and if the batch or lot of goods with the lowest serial number 
is put through each operation first. Manifestly, serial numbers can be 
changed at the end of each series of operations. Movement of material 
at the end of a series of operations must be made on separate order from 
the planning department, as under any other system. If inspection is 
necessary after operations, it is usually treated as one of the procedures 
covered by the strip ticket. 




Courtesy, A, B. Dick Company 
Fig. 38.7, Strip operation ticket. 
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Planned control of filling orders in wholesale houses and mail-order 
houses. Probably the most complete planning control of work outside of 
manufacturing is required by the large wholesale houses and the mail- 
order houses. These organizations are similar in principle, although dif- 
fering somewhat in detail. 

Principles of motion economy and plant layout are used by the large 
mail-order houses, who employ industrial engineers to study operating 
conditions constantly. The mail-order houses estimate the volume of 
work for the day by weighing the incoming mail. Definite routes are 
followed by incoming orders. They are first opened by an envelope- 
slitting machine; they then move on a belt conveyor past readers who 
remove the contents, count the money, and place it in separate containers 
to go to the finance division. The orders then proceed to other clerks 
along the conveyor who read them and interpret items that may be con- 
fusing. These orders also pass by girls who price each item, and others 
who edit them for filling by the order-filling clerks. Copies are typed 
for each department which may have an item on the order. The ship- 
ping label is prepared in the central control office. All the required 
information is assembled by the central oflSce and a group of orders called 
^^blocks” is released at one time. These blocks may be of sufficient quan- 
tity to require a definite length of time to be filled, such as twenty 
minutes. Naturally the number of employees filling orders and the nature 
of the orders influence the number of orders in a block. All items for 
a given order, provided they are in stock, meet in the wrapping and 
shipping department, where they are assembled in one package if possible, 
weighed, routed as to parcel post, express, or freight, and started on their 
journeys to their buyers. The mail-order houses strive to ship every 
order within twenty-four hours after its receipt. This policy is adhered 
to with a high degree of performance. When it is recalled that literally 
thousands of orders, ranging from one thimble to linoleum, mattresses, 
and other large items, are handled daily, the magnitude of the task can 
be appreciated. Such performances are real tributes to the effectiveness 
of scientific management in the merchandising field. 

Location of dispatch stations in the shop. In large plants that use 
central planning it is desirable to locate dispatch stations in the shop or 
to provide pneumatic tubes through which time tickets may be trans- 
mitted. Because of the expense of such tubes and the desirability of 
direct contact between the workman and the man who is handing him his 
job, the first alternative is usually adopted. Dispatch stations in the 
shop do not imply decentralized control ; those in charge merely issue the 
tickets at the direction of the central planning department. Perhaps they 
have some control over movements of material. At any rate, in large 



522 


CONTROL IN DIVERSIFIED MANUFACTURING 


Ch. 38 


plants they save steps and time for the worker. To have the worker 
come to the window of the planning department for his new time ticket 
is possible only in small plants. 

Decentralized production control. Decentralized control is frequently 
set up when the management desires to allow the foremen to retain a 
considerable share of the task of planning the work. It has already been 
indicated that the development of the master schedule and the routing 
between departments are functions which must be performed centrally. 
Portions of the other planning functions may be decentralized. Decen- 
tralized planning and dispatching are almost imperative in large plants. 

Routing toHttachines is the planning function most frequently left to 
the planning supervisor of the department. If this function is given to 
him, of necessity much of the operation of the order of work will auto- 
matically go with it.^* If there is decentralized control, dispatching to 
the worker will always be done within the department. If routing is to 
be given to the planning supervisor of the shop, whether he is or is not 
under the control of the foreman, there are usually certain operations 
which must be routed centrally. An illustration is the situation exist- 
ing when there are only two or three machines of a given type, yet several 
departments have work that has to be done on these machines. Under 
such circumstances central routing is desirable to prevent throwing the 
shop out of balance. 

If there are departments which have large batteries of the same kind 
of machines, all capable of doing essentially the same kind of work, ideal 
conditions for decentralized routing are found, because the foreman or 
the planning supervisor of the shop is ordinarily in a much better position 
to determine the machine to which a particular job should go than is the 
central planning department. In such cases, the routing of material to 
the department, nearly always a function centrally performed, is in 
reality routing to a particular group of machines. The decentrally con- 
trolled routing takes on the nature of a dispatching function, which 
will indicate the machine of the group, which, from the standpoint of 
shop conditions, is best able to take on the particular operation. If rout- 
ing of this nature is done decentrally, the central route sheets will ordi- 
narily indicate only departments, not machines, and there will be no 
necessity of maintaining route sheets within the department. 

The planning station in a department of a shop operating under decen- 
tralized control may maintain a planning board which is similar in almost 
every respect, including operation, to the central planning board, except 
that it covers only the machines and work places of the one department. 
If such boards are maintained departmentally, there is little or no need 
for the central board, which will be replaced by some sort of progress 
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chart indicating the operations to be performed, by departments, and the 
progress that has been made upon them. 

Frequently in large departments there are two clerks, one collecting 
cost data and the other devoting his time to planning and controlling 
the production schedule. Both these functions are usually performed, 
even though the volume of work may justify only one clerk. If there 
is only one clerk, he will often report functionally both to the cost 
department and the planning department, even though he may be 
directly under the supervision of the department foreman. 

Under decentralized control, movement of materials between depart- 
ments may be ordered by the departmental planning unit, but after 
consultation, usually by telephone, with the central planning force. 
Movement of material from stores to the first department in which work 
is to be performed may or may not be ordered by the central department. 
If, under decentralized control, work is moved from a manufacturing de- 
partment to a separate inspection cage, the department planning unit will 
usually order the work into the inspection cage, while the ordering of the 
work out of the inspection cage to the next department will frequently 
be left to the central planning group. 

Decentralized planning and dispatching involve the same techniques 
and principles as centralized control. Decentralization is only a means of 
making the control run more smoothly. Nominally, the foreman is usu- 
ally put in charge of the departmental planning under this arrangement. 
Nevertheless, the planning clerk in the department, who is theoretically 
supposed to report to the foreman, is usually given such complete control 
of planning by the foreman that he is, to all purposes, wholly a repre- 
sentative of the central planning department in the shop. In addition to 
correlating the work of the department with the central plans, he makes 
reports of progress on work under way, which enable the central depart- 
ment to post any records of progress which they may maintain. In any 
case, he is a force working toward flexibility in planning. 
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PRODUCTION CONTROL IN MASS-PRODUCTION INDUSTRIES 

Characteristics of mass-production planning and control. The funda- 
mentals of production planning and control are the same in the small 
jobbing shop and in the large-scale enterprise. There are not so many 
changes in mass production as in a smaller enterprise; hence the proced- 
ures are simpler. In either case materials must be identified and ac- 
counted for, operations performed, labor costs accumulated, and inspec- 
tions made. It is in the original development of the manufacturing proc- 
ess and in the layout of the machinery that the greatest problems arise.^ 
Since the automotive industry has developed this type of production most 
completely, it has also worked out, to the greatest extent, production 
methods suited to the process. 

It should not be inferred that there are no changes in setups in the 
mass-production plant. In fact, the large plant may be conceived as 
an orderly arrangement of a series of smaller plants known as depart- 
ments, the respective departments being the suppliers of other depart- 
ments. Some of these departments manufacture parts, but not in quan- 
tities to keep the machines constantly in use. These machines are 
changed from time to time. Other machines perform only one type of 
work for as long as one year. 

An illustration of large-quantity manufacturing.^ The automobile in- 
dustry has led the field in plant layout, use of conveyors, flexibility in 
certain details of a standard product, use of special-purpose mass-produc- 
tion equipment, and application of Taylor’s principle of high wages and 
low unit costs. Other industries, such as farm-implement manufacture, 
steel manufacture, electrical manufacture, and clothing manufacture, 
have adapted the mass-production techniques of the automobile industry 
to the individual requirements of their respective enterprises. 

Figure 39.1 does not represent a single automobile manufacturer’s 
method of control and synchronized time schedule but is a composite of 
several. Individual plants may exceed the remarkable performance indi- 
cated on this chart. 

1 See Fig. 12.10, p. 175. 

2 Adapted with permission from Automobile Facts, Vol. II, No. 4, December, 1939. 
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Fio. 39.1. Composite production scheduling and route chart. 
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One large plant schedules a finished car to come off its assembly line 
every three minutes. This plant also has several assembly plants in 
various parts of the United States. If the volume in one area requires 
a finished car in two minutes, an additional assembly line or an addi- 
tional shift can meet the increased need. To achieve such production 
careful timing of each of more than 15,800 parts, subassemblies, and 
raw materials is required. Hundreds of freight cars and trucks are un- 
loaded and loaded daily, so that adequate loading and unloading docks, 
as well as material-handling equipment, are needed (see Fig. 13.4, p. 185) . 
Many purchased parts and assemblies go to the assembly line directly 
from their outside supplier and must meet a time schedule, just as do the 
parts produced by the plant itself. 

The completed automobile is largely an assembly of a series of sub- 
assemblies put together in an orderly sequence. The frame comes to the 
final assembly line from another department or even from a plant miles 
away, as do the body, steering wheel, wheels, fenders, tires, and engine. 
As the frame proceeds down the assembly line, brackets are attached, 
to be followed in turn by the front axle assembly; rear springs; rear 
shock absorbers; rear axle assembly, including brakes, drive shaft, etc.; 
fuel tank; power plant; steering gear; exhaust line; hand brake; hy- 
draulic brakes; wheel assemblies, including tires; radiator; battery; body 
(see Fig. 39.2) ; fenders, front end, and running boards; hood; headlights; 
bumpers; hub-caps; and floor mats. Before the end of the assembly line 
is reached, gasoline is placed in the tank, and the car is driven off the line 
under its own power. Each of these assemblies was started in time to be 
ready when needed on the assembly line. The entire process represents 
the ^^flow^’ type of production. Scheduling is keyed to make this possible. 
Some of the material that goes into the assemblies is produced months 
ahead of actual use in the final product. Orders are anticipated, so that 
malleable iron parts are cast as long as thirty or even ninety days in 
advance, gear blanks are machined, upholstery is woven and dyed, tires, 
tubes, and rims manufactured, etc., so that a dealer^s order for a particu- 
lar model with a specified color and trim combination may be filled in a 
reasonably short time, usually from one to two weeks. 

Scheduling quantity production. The master schedule in such manu- 
facturing is very simple, merely a sheet of paper showing the number 
of each type of automobile to be made in a given month or months. This 
master schedule is broken up into components by the production depart- 
ment. If 1000 automobiles are to be made in a given month, 1000 crank- 
shafts, but 5000 wheels, will be needed.^ Presumably there will be a 

® Most of the present models have a spare wheel. 
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sufficient amount of each type of equipment in the factory to make the 
relative numbers of each part that is to be manufactured within the plant. 
The planning department must see that the schedule does not call for 
larger amounts than the capacity of the equipment or assembly lines 





Courtesy, General Motors Corporation, Pontiac Motor Division 
Fig. 39.2, Lowering a body to meet the chassis at the Pontiac Motor Company 

plant, Pontiac, Michigan. 

can produce. If this should happen, the general management must decide 
whether additional capital is to be invested in equipment to meet the 
increased load, or whether the emergency is to be met by overtime, an 
additional shift, or letting out more parts to be made on the outside. 

The purchasing department and the materials department are given 
copies of the schedule broken down into components. This is the neces- 
sary authority to purchase in quantities sufficient to cover the schedule. 
No maximum, minimum, or apportioned amount is necessary, as each 
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series of purchases just covers a particular production schedule, with 
proper allowance for material spoiled in manufacture. 

The schedule is broken up according to the time that components and 
operations on them must be started, in order that assembly lines may 
have all components as needed. Daily quotas for each component are 
then set, these bearing a direct relation to the master schedule. In many 
plants deliveries are arranged so that only two or three days' supply of 
any purchased material or component is on hand at a time. Manufac- 
turing operations on components are laid out in the same manner. This 
procedure reduces to a minimum the amount of capital tied up in mate- 
rials, and it also reduces the amount of storage space needed. 

Schedule for an automobile-body manufacturer. Changes in the design 
of the product and in the processing frequently require a revision in man- 
ufacturing time or a readjustment in plant layout, and at times result 
in excess manufacturing space or a need for additional floor space. The 
introduction of the all-steel body has almost eliminated the woodworking 
departments, the large dry kilns, and the large lumber-storage space. 
The substitution of steel for wood has reduced the length of the produc- 
tion cycle. In 1928 the length of time ahead of body-delivery date re- 
quired to authorize the ordering of lumber was 158 working days, 30 

TABLE 39.1 


Time-Distribution Schedule for Automobile-Body Material 



Placing 

Release of 

Delivery 

Processing 


Order with 

Detail 

to Plant 

Time before 


Supplier 

Specifications 

before 

Assembly 

Material 

(days) 

(days) 

Use (days) 

(days) 

Sheet steel 

90 

With order 

30 

10-30* * * § 

Malleable castings 

42 

With order 

10-30 t 

3 

Upholstery 

90-180 t 

60 

30 

10-30 § 

Lacquer 

30 

14 

10-30 t 

0 

Glass 

60 

With order 

10-30 t 

0 


* Fabrication of the steel panels used in the construction of a uni-steel turret-top 
body requires from 10 to 30 days, depending upon transportation facilities and the 
proximity of the manufacturing and the assembly plants. One complete set of stampings 
demands the use of some 600 dies, which are rotated in the presses. Thirty days are 
required to complete a set of body stampings because of the use of similar die cycles 
in press-room operations. 

t The bank of material carried in stock ahead of procei^ng depends largely upon the 
distance of the source of supply from the plant using the material. Lacquer and glass 
come ready for use and require no lag between the time of receipt and use. 

t The variation in time is dependent upon the general situation in the wool market. 

§ Preparation of the interior trim for a single body takes from 10 to 30 days of elapsed 
time. The material must be inspected, graded, matched, cut, and sewed. 
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days longer than for any other single item used in the body. In 1940 
approximately 11 hours were required for the final assembly of a body, 
that is, from the time it first took form in the “setup buck^^ until it left 
the paint and trim departments. This total assembly time did not include 
the time involved in subassembly operations. The time-distribution 
schedule in Table 39.1 is a composite of the times required by a large 
automobile-body manufacturer for various phases of his 1940 produc- 
tion.^ It is representative not of a single model but of the entire line. 

Planned control in shipping. Adequate control of shipping requires 
careful planning and scheduling, particularly for wholesale houses and 
industries thafcship in less than carload lots. In the meat-packing indus- 
try many dealers are not equipped to handle carload shipments. The 
large packer is faced with two problems that require close control. One 
is that excess labor ajwl equipment will be needed if shipments are not 
synchronized with a definite schedule. The second problem is one of 
service. The dealers want delivery to coincide with their sales needs. 
Increased use of the practice of “mixed car shipments^^ ° caused a dif- 
ficulty to arise at a mid-western meat-packing plant that the manage- 
ment thought could be solved only by increasing its shipping facilities. 
An outside firm of consultants was called in to make a survey. The sur- 
vey revealed that a proper system of scheduling would eliminate the 
necessity for additional loading stations and would give better service 
to the customers. After more than ten years of actual service the planned 
control of shipments is still working satisfactorily, and there has been no 
further consideration of enlarging the shipping facilities. 

A large wholesaler in the Midwest had exactly the same experience 
as the meat packer. Another wholesale house had diflSculty in making 
deliveries as promptly as customers desired. A careful analysis of prac- 
tices and a revision of scheduling improved deliveries and reduced freight 
costs. It must always be kept in mind that a particular planning and 
control program is not static but must be adjusted to meet changing 
conditions. 

Control of materials in mass production. In mass production delivery 
dates for incoming materials for a given order may extend over some time, 
and consequently but little paper work is necessary in handling stores in 
such plants. Follow-up of purchasing is responsible for seeing that mate- 
rials are delivered in time to meet schedules. It will be recalled that 

^ This date is used, because, as our book goes to press, abnormal hold-ups due to 
material shortages still prevail. 

® See Fred E. Clark and Carrie Patton Clark, Principles of Marketing, The Mac- 
millan Company, New York, 1942, pp. 438-441. 
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the purchasing department is frequently given a copy of the schedule 
with material requirements. If this is not done, the production-control 
department places requisitions with the purchasing department for the 
material needed. 

Professor Charles B. Gordy of the University of Michigan has pointed 
out: 

Stock records can be arranged in a manner that will facilitate greatly the 
follow-up. The issuing of a requisition for each batch of material leaving the 
storeroom results in too much clerical detail, in the case of the larger part of 
material used in assembling an automobile. Material can be charged from the 
stock records on the basis of the number of cars or units produced during a 
week or month, by breaking up this amount of production into the component 
parts of a complete unit. Certain companies have gone a step farther, and 
disburse stock on the basis of the manufacturing schedule in advance of build- 
ing. This gives the follow-up department a knowledge of any shortage exist- 
ing at the beginning of the month and gives sufficient time in which to expedite 
deliveries.® 

A substantial amount of incoming material, such as batteries, tires, and 
wheels, is delivered to an area adjacent to the place these parts are 
assembled or placed in production. The layout *of such plants should be 
so arranged that there need be relatively little finished-parts storage. 
The equipment should be balanced so that exactly enough parts will be 
produced daily for assembly requirements, and these parts should have 
the last operation performed on them so that they are available imme- 
diately for assembly, being finished either adjacent to the point of an 
assembly line at which they are used or near a conveyor which takes 
them to that point. Of course, this ideal cannot be reached exactly, and 
it is often desirable to have some finished parts banked near the point of 
usage to guard against temporary breakdowns. 

Functions of the production-planning and control department in mass 
production. Production control requires less detail in the issuance of 
move orders and other paper work in mass production than in small-scale 
diversified manufacturing. In quantity production its functions are 
mainly to work up the schedules, to tell the various department foremen 
how many units they will be required to make in a specified time, and to 
maintain records to insure that the schedules are being followed. 

As in any planning department, time study and material control may 
not come under the direction of production control. It is not necessary, 
because of direct line layout, to control work between machines to any 
considerable degree. It is obvious that, on account of the similarity of 

® The Journal of the Society of Automotive Engineers, Vol. XVI, No. 6, p. 607. 



530 


PRODUCTION CONTROL IN MASS PRODUCTION 


Ch. 39 


the work put through the plant for a long period of time, the planning 
department is only breaking down into units the major business budget. 
However, with the advent of many color combinations in the automobile 
industry, planning — especially the dispatching function — has become im- 
measurably more complicated, even though the individual assemblies are 
still relatively simple to control. 



Courtesy, the Chrysler Corporation 


Fia. 39.3. Dispatcher’s office, Plymouth Motor Car Company, Detroit. 

Figure 39.3 illustrates the functioning of a dispatcher’s oflSce and the 
intricacies of control in the Plymouth plant. Through the telautograph 
(Fig. 39.4) and the “track sheet,” instructions are given to some sixty 
key points scattered throughout the plant. For each car built specific 
instructions regarding color, type of upholstery, and kind of equipment 
are issued on a track sheet. From this track sheet each department in- 
terested can tell the exact order in which certain chassis are moving 
down the assembly line and is thus in a position to load its conveyor with 
the proper parte to go with each particular car. When a body is released 
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to the body-finishing and inspection line, this is a signal to order all other 
parts to match the body, and instructions are issued accordingly. It 
is said that only once in eleven years has a wrong-colored chassis arrived 
at the ^^body drop” (see Fig. 39.2) in the Plymouth plant. 

Only a few types of manufacture can be put on a quantity basis such 
;S that just described. This type of production is possible only when 



Courtesy, Telautograph Corporation 


Fig. 39.4. The telautograph, an instrument widely used in production control in 
large-scale manufacturing. It is used also in receiving and reporting the results of 
laboratory tests of material in process. 

manufacturing a relatively few standard items for which there is a large 
demand. It will be evident that such a system is profitable, not only 
because direct production costs are lower, but also because the costs of 
production control, when the volume involved is considered, are much less 
than in diversified manufacture. 

It must be remembered that large-scale production is possible without 
the high degree of ^^fiow” type of production used in the conveyorized 
automobile plants. For instance, shoe manufacturing is large-scale, yet 
there are literally hundreds of sizes and types of shoes. Naturally each 
industry has to modify its processes of manufacturing and production 
control to meet its particular needs. 
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PERSONNEL ADMINISTRATION AND MANAGE- 
MENT (INDUSTRIAL RELATIONS) 

CHAPTER 40 

THE ORGANIZATION AND POLICIES OF THE 
^PERSONNEL DIVISION 

The personnel function in an organization. Personnel relationships 
comprise the primary concern of a personnel division. Regardless of the 
size of the enterprise, such relationships exist. In the small firm these 
contacts are on an intimate basis and frequently are informal. If it 
were possible to retain the same interest in the supervisory force in the 
enterprise as it grows, many of the personnel problems of large industry 
would never arise. Personal contacts with top management are impos- 
sible for most employees in a large corporation. This situation leaves a 
void that has to be compensated for in some manner. The personnel 
division strives to get each supervisor to be to his men what the owner 
was when the enterprise was small and tries to fill in the gaps where the 
supervisor cannot meet the situation fully. 

The objective of personnel management, personnel administration, or 
iustrial relations in an organization is to attain maximum individual 
{'development, desirable working relationships between employers and em- 
Vployees and between groups of employees, and effective moulding of 
I human resources as contrasted with physical resources.^ In order that 
specialized skills may be brought to the solution of personnel problems, 
the personnel division has been emerging during the past thirty-five years. 

Many a sound personnel policy formulated by major executives would 
scarcely be recognized by these executives if they saw its transtemation 
in the process of being passed down the line organization. \y3fri all dis- 
cussions of personnel relations it should ever be kept in mind that the 
most effective personnel relationships are those which grow natwally out 

1 This statement of the objective was formulated by a small group of members of 
t^e American Management Association during an informal discussion of personnel 
problems. 
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of the work situation , and that the personnel department's major func- 
tion is to promote a harm oni ous environment for the worker, ^iv ^ ^ ' 

The personnel department is that section of an organization that can 
continuously look at operations from the viewpoint of the worker. And, 
regardless of its own particular method of organization, this is its primary 
reason for being. 1-The organization of a personnel department does not 
imply that line executives may cease to think of the workers^ point of 
view. It merely means that there is in the organization a department 
which will now continually bring the workers^ point of view to the line 
executives.! Neither does th^ creation of a personnel department relieve 
the general management of the necessity of considering major policies 
with the workers^ point of view in mind. No personnel policy will suc- 
ceed which does not have the original and continuous backing of the gen- 
eral management. It is the function of the personnel manager to keep 
the general management in constant touch with the attitudes of the 
workers and to guide management toward decisions which will evoke the 
whole-hearted cooperation of the workers. It is a task of the p ersonnel 
department to prove to the worker that he is not a cog in the machinery 
of production, but rather a vital section of the machine, regardless of how 
small his share in the productive process may seem to be. 

The most effective way in wKicli tKe personnel manager and his de- 
partment may assure the worker of their interest, and that of the firm 
as a whole, in his problems is an intangible one. It rests largely on their 
general attitude. To secure the cooperation of the workers on the basis 
of such an attitude is a gradual achievement and one that is gained 
through effective handling of particular situations. There are many 
ways for a personnel department to work toward this aim, but, regardless 
of particular means which may be described, the most effective methods 
will occur to the personnel staff at particular times and under particular 
conditions. One primary step is to provide for the hearing of any com- 
plaints concerning wages, treatment, or conditions, to investigate these 
complaints, and, if valid, to endeavor immediately to adjust them and 
prevent their recurrence. Although it is fundamental that the personnel 
department shall thoroughly understand and be sympathetic with the 
employee, in this relationship they must not forget their obligations to 
the production forces nor the requirements of production. 

Organization of the personnel division. The industrial-relations activi- 
ties, as has been pointed out, by no means replace the responsibilities of 
the line executives, but merely supplement them. Personnel management 
is management, not a substitute for management. The industrial-rela- 
tions department is a staff department as far as the entire organizational 
structure is concerned. 
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The various functions of the industrial-relations division may be classi- 
fied as follows: 

1. Maintenance of an adequate labor supply (employment). 

1.1. Selection and placement. 

1.2. Follow-up of the new employee for initial adjustment. 

1.3. Promotion and transfer. 

1.4. Layoffs, discharges, rehiring, and retiring. 

1.5. Records and research. 

2. Education and training. 

2.1. Introduction of the worker to the company’s policies and to his depart- 
ment supervisor. 

22. Job i«Btruction — apprentice training, vestibule schools, instruction on the 
job, etc. 

22. Foreman and executive training. 

2.4. Special training programs for college graduates and other selected em- 
ployees. 

2.5. Preparation of special annual r^ort designed to provide information de^ 
sired by employees. 

2.6. General industrial education. 

2.7. House organ and library facilities. 

3. Maintenance of satisfactory personal contacts and employee relationships. 

3.1. Job analysis, specifications, and rating. 

3.2. Employee ratings. 

32. Wages and rewards. 

3.4. Shop rules and regulations. 

3.5. Labor audit. 

3.6. Employee records and labor statistics. 

3.7. Regularization of employment. 

3.8. Adjustment of individual grievances. 

3.9. Labor turnover. 

3.10. Suggestion systems. 

4. Maintenance of satisfactory group relationships. 

4.1. Contacts with employees’ representatives. 

42. Contacts with employers’ groups. 

4.3. Contacts with governmental agencies. 

4.4. Contacts with commimity agencies. 

5. Maintenance of employees’ health. 

5.1. Initial physical examination and periodic examinations. 

52. Treatment for minor injuries and diseases. 

5.3. Hospitalization. 

5.4. Sanitation, health education, and mental hygiene. 

52. Rest periods, recreation, and general counsel. 

6. Maintenance of a safe place to work. 

6.1. Safety guards and inspection of equipment. 

6.2. Safety programs and educational activities. 

62. Fire protection and police activities. 

6.4. Safety records and workmen’s compensation for injuries. 

7. Service activities (sometimes erroneously called “welfare work’O. 

7.1. Credit unions, savings and investment plans. 




Fig. 40.1. Organization’s chart of the Industrial and Public Relatione Division, Western Electric Company, Hawthorne Works, Chicago. 
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7.2. Social and recreational activities. 

73 , Housing programs. 

7.4. Company stores, restaurants, etc. 

73 . Advisory services, legal aid, hospitalization programs for employees’ fami- 
lies, etc. 

The size of the business enterprise will influence to a great extent the 
actual physical organization of the industrial-relations division. In a 
small enterprise many of the functions listed above will be combined in 
the same person. In a very small business these functions may be car- 
ried on by the plant superintendent, secretary, treasurer, chief clerk, or 
some other person. In a large organization use is frequently made of 
the Advisory Committee on Industrial Relations. Under such an or- 
ganization the director of industrial relations usually acts as the secre- 
tary or chairman of this committee. 

Figure 40.1 shows the organization of industrial relations at the Haw- 
thorne Works of the Western Electric Company, Inc. There are three 
main divisions: placement, research, and employee service. This chart 
is so complete that it requires little comment other than to say that this 
organization is an outstanding leader in personnel research. 

Personnel policies. A personnel policy may be defined as the body of 
principles and rules of conduct that governs the business enterprise in its 
relationship with its employees. Such principles and rules are a funda- 
mental part of the basic business policies that guide the organization in 
the achievement of its major objectives. The more clearly these major 
objectives are outlined, the more specific will be the personnel policies, 
both in statement and operation. Personnel policies, like business policies 
in general, are dynamic, changing to meet the current situation. Although 
they are dynamic to meet fundamental changes, they nevertheless should 
possess a large measure of stability. 

The sound personnel policy avoids opportunism and is essentially 
stable, having due regard for the human equation. In the long run, per- 
sonnel policies will not be sound unless the organization policies are like- 
wise sound. A successful business enterprise possesses organic unity of 
purpose. A defect in any function weakens the entire organization. The 
objectives of an enterprise are naturally influenced by many considera- 
tions: competition, tradition in the particular industry, technological de- 
velopment, social approval, the prevailing attitude of labor, govern- 
mental controls, and the ideals of the entrepreneurs. In the light of our 
present business mores a sound personnel policy should, in general, pos- 
sess the following characteristics: 

1. It should recognize individual differences in capacities, interests, ambitions, emo- 
tional reactions, desire for security. 
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2. It should recognize the current trend toward group action and a tendency to 
seek a voice in those phases of management in which the worker is vitally interested. 
(Management should not be blinded by collective bargaining to the fact that indi- 
vidual differences are important. A worker or a group of workers may feel as lost 
in a large union as if they had no formal recognition whatever.) 

3. It should be definite. Ambiguity and uncertainty are destructive of plant 
morale. 

4. It should be stable yet possess sufficient flexibility to meet changing condi- 
tions and the varying needs of individuals. 

5. It should be an integrated part of other basic company policies. The lack of 
organic unity results in confusion. 

6. It should provide adequate means for becoming generally known and under- 
stood by all per«wis concerned. 

7. It should give due regard to the interests of all persons: the workers, the con- 
sumers, the public, and the owners of the capital. 

The extent and nature of personnel policies. The nature and the extent 
of personnel policies vary with the individual enterprise. Some activi- 
ties are basically of a personnel nature and yet for organization reasons 
are classified under other than personnel departments. There is usually 
a personnel policy, either in writing or informally understood, covering 
every item listed under the tabulation of functions of the industrial- 
relations division.^ 

Interpreting company policies to the employees. Sound policies pro- 
mulgated by management or formulated cooperatively with representa- 
tives of the employees will function smoothly for the most part in pro- 
portion to their understanding and acceptance by the rank-and-file work- 
ers and their immediate supervisors. When the organization is relatively 
small, these policies can be readily communicated in person or by the 
use of the bulletin board. The actual practices and acquired rights of 
interested parties become accepted customs and later traditions. Even 
under these simple conditions the problem of initiating new employees 
into the organization remains difficult. With the growth in the size of 
organizations the problem of mutual understanding of personnel policies 
becomes increasingly greater. 

To facilitate the transmission of personneT policies to interested per- 
sons, to avoid misinterpretations as far as possible, and to lend increased 
stability to these policies, many corporations publish a statement of 
their programs. For the past twenty years this practice has been gaining 
in acceptance. A few of the many outstanding companies that have pub- 
lished statements of their personnel policies are the General Motors 
Corporation, the American Rolling Mill Company, the Socony-Vacuum 

2 See Scott, Clothier, Mathewson, and Spriegel, Personnel Management, McGraw- 
Hill Book Company, New York, 1941, pp. 30->32, for a detailed tabulation of the 
activities and functions of a personnel division. 
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Oil Company, Inc., the Procter and Gamble Company, Marshall Field 
and Company, and the International Harvester Corporation. 

How large must a business enterprise be to justify a separate officer 
responsible for personnel relations? There is no unanimity of opinion 
regarding the number of workers that will justify the employment of a 
full-time personnel director.^ Some early writers on the subject stated 
that an organization should have from 800 to 1000 employees to justify 
this functionalization. Today there is usually a separate personnel de- 
partment in most companies employing 250 or more persons. Although 
the personnel function exists in any company, it is likely not to be for- 
malized in a company of fewer than 200 people but to be handled by the 
respective department heads or some other person in connection with his 
other duties. Recent trends in labor legislation have added to the work 
that must be done by some agency of the business. In smaller organizations 
this burden may well be assumed by the personnel officer, thus justifying 
the employment of a full-time man in an enterprise that otherwise might 
believe his services an unnecessary expense. 

The position of the company in the life of the employee. Paternalistic 
concepts of the employer-employee relationship cannot help but destroy 
morale, and yet the personnel department must stand ready to cooperate 
with any outside interests, municipal or private, which may be taking 
steps toward general improvement of social conditions within the com- 
munity. It is a peculiar fact that the more the personnel department 
works with problems of morale development,^ the more likely it is to 
extend into paths and methods of activity which lead in the direction of 
paternalism. The type of work within the plant and within the com- 
munity which has the greatest possibilities for the development of indus- 
trial good will has also the greatest possibilities of paternalism if not 
founded upon a sound economic, sociological, and psychological basis. 
The employer must ever be on the alert to avoid acts of normal human 
sympathy which will later react unfortunately. The same end can 
usually be attained, although possibly with less dispatch, by working 
through the employees rather than by direct action on the part of the 
employer. 

Some plants, located in communities which are unable to provide 
amusement for their citizens because of their smallness or remoteness, 

« The terms “industrial-relations department” and “personnel department” are used 
interchangeably in industry. In the merchandising field the accepted term is more 
frequently “personnel department.” 

^Factually plant morale is a by-product of satisfactory relationships of the em- 
ployee in his work unit. Many attempts at morale development defeat their own 
objectives by making the desired end too obvious. 
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frequently find it necessary to provide living and recreational facilities 
for their employees in a manner which may smack of paternalism. This 
practice may not prove pernicious, provided it is properly handled. 
What must be avoided are plans indicating that the company feels it con- 
trols the entire life of the worker, merely because it is his employer. 

Critics of misguided yet sincere efforts of employers in the past to serve 
their employees often underestimate the influence of the company in 
the lives of its employees. In this connection it is well to interpret what 
is meant by the term ^‘company.” As a legal concept it exerts very little, 
if any, tangible social influence upon the worker with the possible excep- 
tion of its beijftg a symbol of ownership of the property. In this sense 
the right in property is frequently held very lightly. To steal or pilfer 
from a corporation usually does not bring down upon the worker the same 
social disapproval as stealing from an individual. The company as rep- 
resented by the officials is real to the workers in just about the same ratio 
as their personal contacts with these officials. Usually the ^‘boss^^ is the 
management, as far as the individual worker is concerned. The com- 
pany as a group of persons working toward an objective of producing 
a given product is in a very real sense a vital social as well as economic 
organization. The effective unit is usually the departmental organization, 
as far as social influence is concerned. 

There is both an official and an unofficial organization. The official 
organization is represented by the managerial controls, whereas the un- 
official organization consists of the voluntary social structures that nat- 
urally take shape when groups of people are thrown into intimate contact 
with each other. The personal satisfactions derived from membership in 
the business group are determined in part by the degree of homogeneity 
of its membership. Not infrequently there may be several groups within 
a department, based somewhat upon race, religion, fraternal affiliations, 
age, sex. Unless the social prejudices are too strong, however, the social 
group will cut across many barriers to draw individuals with like tend- 
encies together. It is very common indeed, particularly among people 
of the same general age group, to find the social lives of the members of 
a work group intimately interwoven. This is especially true in the 
smaller cities, but the same tendency exists in the city of Chicago.® The 
company, in the sense of those collectively employed under a given man- 
agement, bulks large in the lives of the employees, who use the term ^ Ve^^ 
when relating their activities together. 

® See R. J. Roethlisberger and William J. Dickson, Management and the Worker, 
Harvard University Press, Cambridge, 1940, for a comprehensive study of the social 
structure of the work group and the influence of morale upon productivity. 
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The size of the personnel staff. In studying the various personnel pro- 
grams analysts frequently try to establish a ratio of personnel employees 
to other employees. Such a ratio is practically meaningless, since com- 
panies vary markedly in the organizational structure within the personnel 
department. For instance, one company includes the safety and sanita- 
tion division, the cafeteria, plant protection and watch service, medical 
service and first aid, job evaluation and wage administration, and pay- 
roll departments in the personnel division along with the other activities 
that are normally included. Medical service and first aid logically belong 
in the personnel division, but they are found at times as a separate de- 
partment reporting to a major executive. Even when the same activi- 
ties are carried on in two personnel departments, the ratio of personnel 
workers to other employees is not necessarily the same in both for the 
simple reason that in one plant the program may be more extensive or 
more employee cooperation may be used. An elaborate recreational pro- 
gram may be entirely in the hands of the employees in one plant and 
largely company-sponsored in another. In one plant the medical pro- 
gram may be limited to an initial physical examination and first aid, 
whereas in a second plant periodic examinations. X-rays, and a complete 
medical program are conducted.® 

® See National Industrial Conference Board, Incorporated, ‘'Organization of Per- 
sonnel Administration,” Studies in Personnel Policy, No. 73, New York, 1946, p. 86. 



CHAPTER 41 


THE ORGANIZATION AND FUNCTION OF THE 
EMPLOYMENT DEPARTMENT 

The function of the employment department. Historically the employ- 
ment department was the first segment of the personnel division to be 
developed. In fact, even today in a substantial number of companies the 
entire personnel division consists of the employment department. The 
prime function of the employment department is to maintain an adequate 
supply of qualified workers. In the performance of this function the 
following activities are engaged in: 

1. Maintain an adequate source of supply. 

2. Secure information regarding prevailing community rates. 

3. Develop job specifications. 

4. Actually select new employees through: 

4.1. The application blank. 

45. The interview. 

4.3. Tests, 

4.4. Physical examinations. 

4.5. The checking of references, records, and the approval of supervisors. 

5. Introduce the worker to the company’s policies and to his department super- 
visor. 

6. Follow-up the new employee for initial adjustment. 

7. Maintain records of all employees hired, resigned, transferred, laid off, or dis- 
charged. 

Centralization of employment work for the production forces can be 
justified on the following grounds: 

1. Although the foreman may have much knowledge of the detailed requirements 
of jobs, his experience and the time that he is able to devote to hiring men are not 
usually sufficient to make him expert in the selection of workers. 

2. The foremen cannot be expected to develop outside contacts for sources of labor 
in the way that a centralized department can. 

3. Individual foremen are not in a position to perceive the needs of the plant as 
a whole, and thus the centralized department is better able to achieve the uniformity 
in selection which makes for a generally high character of personnel and esprit de 
corps, to place an applicant in the department for which he is best suited, to arrange 
in merited cases for a transfer of workers, and to prevent undesirable former em* 
ployees from being rehired. 
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4. If centralization of employment of the production forces is once achieved, it is 
likely that the same policy will be shortly extended to all other departments of the 
business* 

6. Specialization in the employment function is merely an extension of the prin- 
ciples of scientific management to one phase of personnel management. 

Qualifications of the personnel in the employment department. The 

employment manager should be a man of broad vision and winning per- 
sonality. He must be able to gain the confidence, sympathy, and appre- 
ciation not only of the rank-and-file employees but also of the heads of 
departments. In order to build up this rapport the employment manager 
frequently is forced to keep his eye on long-run policies rather than on 
individual cases in which he may differ from the department head. Under 
this policy, with the development of a well-run employment ofiSce, the 
number of selections made by the employment department but rejected 
in the operating department will be very small indeed. 

To promote soundness of selection, it is essential that the employment 
manager, his assistant, or whoever else interviews applicants shall have 
a first-hand knowledge of the requirements of jobs. Thus, an interviewer 
of applicants for workers in the shop should have shop experience, even 
if it was acquired as a special student in preparation for his work in the 
employment oflSce. No matter how complete the employment depart- 
ment's record of jobs, there is no substitute for first-hand knowledge. In 
addition to these qualifications, it is, of course, essential that the inter- 
viewer be especially qualified in the power of analysis and in knowledge 
of human nature, and that he possess a constructive imagination. 

In selecting workers the employment department must fill requisitions 
submitted to it by the operating departments. These requisitions may 
be developed in conference at the time that some production or expansion 
program is decided upon, or they may take the form of routine requisi- 
tions made out on specified forms and submitted by the departmental 
heads from time to time as necessity dictates. The cause of the vacancy 
should be indicated on the requisition, so that the employment depart- 
ment will have a written record from the production departments of its 
shortcomings in filling jobs. The requisition should reach the employ- 
ment department as far in advance of requirements as is practicable. 

Use of job specifications. The employment department is greatly 
assisted in its operations if it has developed a set of specifications for all 
jobs for which it is called upon to supply workers. These specifications 
are of particular value in large organizations, where it is impossible for 
the employment manager or the interviewer to keep in mind the condi- 
tions of work of all jobs. In smaller organizations, it is possible for the 
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employment department to have a more complete and accurate knowl- 
edge of the jobs than anything likely to be developed on paper. Much 
information for job specifications can be secured from the methods de- 
partment or whoever has control of the taking of job studies. The em- 
ployment manager should be familiar with the job descriptions used by 
the methods department. In formulating job specifications for his pur- 
poses, however, the employment interviewer frequently needs some in- 
formation of another kind and must also translate for his purposes much 
of the data on the job-study observation sheets. Job specifications should 
not be too elaborate. A tendency to gather a mass of detailed informa- 
tion which it impracticable to utilize is likely to develop. The job 
specification of the personnel department is not so detailed as that used 
by the methods engineer. 

The job specification should include only those qualities and abilities 
that will aid the employment officer in selecting the right person for the 
particular job.^ Particularly when business conditions are good, it is 
impracticable to try to fit workers too closely to the job at hand. Even 
the most routine job, whether in the office, in the service department, or 
in manufacturing, is often transformed by the person who holds it. Al- 
though this statement does not mean that every attempt should not be 
made by the employment department to find workers who approximate 
the ideal for a given task, it does mean that a new employee should be 
first of all an organization person, with some chance of fitting in with the 
group in the department in which he will work, and, secondly, should have 
general qualifications for performing a certain type of task, rather than 
be theoretically a perfect specimen to fit the particular niche that is va- 
cant. Business is dynamic, not static; and, if the employee fits one small 
niche too well, we are likely to find him fitting the original niche after 
the job has changed entirely through the interplay of new forces or new 
ideas in the business. 

Effective job specifications aid, not only in the selection of the em- 
ployee, but also in his transfer and promotion. If they are intelligently 
utilized by the employment department, they aid in preventing the over- 
selling of a job to a prospective employee, with the result that he leaves 
within a few weeks after hiring. The specifications should include a con- 
sideration of minimum, rather than maximum, qualifications of the em- 
ployee and a full statement of the conditions under which the work is 

1 See Scott, Clothier, Mathewson, and Spriegel, Personnel Management, McGraw- 
Hill Book Company, New York, 1941, Chapter XX, ^‘Job Analysis, Classification, and 
Rating** for a definition of terms. The job specification refers to the requirements 
sought in the worker, and the job description covers the job itself. 
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done, in order that the interviewer^s memory may be refreshed when he is 
seeking a person for a job; they should indicate the pay and the lines of 
promotion which seem to be open for the job (see Fig. 41.1). 

Sources of labor supply. ^ For convenience the sources of the labor 
supply may well be classified under two general headings, those within 
the organization and outside sources j as follows: 

1. Those within the organization. 

1.1. Transfer. 

1.2. Promotion. 



1. GENERAL 

DEPARTMENT SYMBOl 


2. MINIMUM QUALIFICATIONS OF OPERATOR 



Fig. 41.1. Simplified form of job specification. 

1.3. Recommendations of friends and relatives by satisfied employees. 

1.4. Former employees who were in good standing when they left. 

2. Outside i^ources. 

2.1. Direct application in person or by mail. 

2.2. Employment agencies. 

2.21. Union agencies. 

2.22. Government-sponsored agencies. 

2.23. Private agencies. 

224. Religious and fraternal agencies. 

225. Employers’ groups. 

2.3. Other business exchanges. 

2.31. Reciprocal agreements with certain employers to supply men. 
232. Agreements as to layoff and discharge. 


2 Ibid., Chapter 6. 
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2.4. Contacts in other localities. 

2.41. Labor-department reports. 

2.42. Newspaper advertisements. 

2.43. Trade associations. 

2.44. Governmental employment offices. 

2.5. Educational institutions. 

2.51. Public schools. 

2.52. Trade schools, both public and private. 

2.53. Colleges. 

2.54. Training schools of manufacturers of special equipment. 

2.6. Advertising. 

2.61. Newspapers and trade journals. 

2.62. ^INulio, posters, billboards, etc. 

Space will not permit a detailed discussion of all these sources, but a 
few of them merit special consideration. Advertising as a rule is of ques- 
tionable value save for persons of special skills or training. It is usually 
resorted to only when there is a labor shortage and results in taking 
workers from another employer, who reciprocates in kind, with little if 
any social or economic advantage. 

A large proportion of new workers must necessarily be selected from 
those who apply at the offiice, although this source of supply is generally 
the least satisfactory, particularly in good times. Applications by mail 
are frequently received, and they form a satisfactory source, particu- 
larly for firms with good employment reputations, who are likely to 
attract workers already employed. Of course, follow-up interviews are nec- 
essary before selection, regardless of the amount of correspondence. W ork- 
ers already employed by the company are likely to recommend others for 
consideration. These recommendations may easily prove one of the best 
sources of supply, since workers know plant conditions and are not likely to 
make recommendations unless they believe that these others will also be 
satisfied. In times of job scarcity, however, this practice may become a 
problem, since friends of the workers who are not worthy may exert pres- 
sure for recommendations for employment. It is an excellent idea to 
give the worker a card for his friend which serves only as an introduction, 
with the understanding that he will have to meet the company require- 
ments to be employed. Care should be taken also not to place too many 
foreign-speaking men of the same nationality or too many persons of 
one religious faith in a single department, or cliques will develop. 

Of all the contacts which can be developed between the employment 
department and outside organizations, those with employment agencies 
need the most careful study. Some employment agencies go about their 
work in a professional manner and will recommend only persons who 
they feel confident will fill the opening. In every large community, how- 
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ever, there are many agencies which come just within the letter of the 
state law governing their operation and which are not good contacts for 
the employment department. Public employment agencies are now found 
in nearly all communities. In some localities these public employment 
offices are efficient, and in other areas they leave much to be desired. 

In some instances trade organizations are valuable aids. In some in- 
dustries where collective bargaining has been established, particularly in 
the clothing industry, joint offices have been provided as an aid to the 
plant-employment managers. Schools, colleges, and specialty concerns 
who train workers in business practice, such as filing-device distributors, 
all form valuable contacts. Frequently close relationships can be built 
up with technical high schools that will yield a very satisfactory source 
of supply in their graduates. Candidates for future executive positions 
are found more and more among graduates of colleges, and many such 
institutions have provided departments which aid the employment man- 
ager to get in touch with their students, as well as with graduates who 
have been in the industrial world for some years. 

The employment interview.^ In the interview with an applicant the 
employment department has one of the best opportunities to justify its 
existence. It is not only in the selection of successful candidates that 
this is true, but also in the method of selection, in the method of rejec- 
tion, which should not create any ill will toward the firm, and in learn- 
ing from the candidate those points which are pertinent to a consideration 
of whether he is likely to be a permanent member of the working force. 
There can be no cut-and-dried method of interviewing. Each person 
must be treated in a different manner and in a way which seems best to 
fit his individual case. The successful interviewer is one who can put 
the applicant at ease and get him to talk freely about his experience and 
desires. 

In all employment work the major task of the management is to make 
the employee or prospective employee act in a wholly natural manner 
and ^^open up” in conversation. For this reason, it is desirable that all 
features of the employment office be constructed with this idea primarily 
in mind. It is therefore desirable that, when the majority of persons 
being employed are women, the interviewer should be a woman, and when 
the majority of applicants are men, the interviewer should be a man, 
inasmuch as workers seem to express themselves more freely to members 
of their own sex. This general rule holds true also for the higher positions 

* See Guy Wadsworth, Jr., "How to Pick the Men You Want,” Personnel Journal, 
Vol. 15, March, 1936, p. 335, for a more detailed discussion of this subject. Also see 
Scott et al., op, cit,, Chapter VII, "The Interview as a Tool of Personnel Manage- 
ment.” 
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in the personnel organization. Courtesy on the part of members of the 
employment staff is a fundamental necessity, if the plant is to be regarded 
in the community as a good place to work. 

The setting for the interview should be in keeping with the over-all 
plant environment. It should be clean and comfortable but avoid osten- 
tation and display. An employment office of a bank or a department 
store may well be more elaborately furnished than that of an industrial 
plant. 

It is the task of the interviewer to sell the plant to the applicant 
and to sell it to him fully, but it is likewise his task not to oversell either 
the plant or t]jg job. The basis of many other personnel activities is to 
be found in the impressions gained by the worker in his first few days 
on the job. If the interviewer is successful in his relations with the 
workers whom he interviews, he can develop an attitude toward the 
plant which will go far toward making the worker feel at home during 
the first trying days. No matter how badly a worker is needed, it is 
distinctly bad policy to oversell the job by exaggerating its good points 
or by consciously or unconsciously not mentioning all its bad points. 
The bad points will be discovered quickly by the worker. If he is not 
prepared for them, there is the likelihood that they will appear even worse 
to him than they actually are. 

The application blank. Application blanks have frequently been re- 
garded as the most important feature of the process of selection, and 
many of them have been designed with the aim of asking the applicant 
every possible question that could be devised. This is wrong. Applica- 
tion blanks should be made as simple as possible; the questions asked 
should all have a bearing on the applicant's fitness for a particular job 
or right to membership in the organization. Personal questions, which 
may aid the interviewer in determining the desirability of the applicant 
should, however, be asked in the interview rather than on the blank. 
Furthermore, the application blank should be handed to the applicant 
in a way that will secure his cooperation in filling it out, rather than have 
the effect of making him look at it as a piece of useless mechanism which 
must be filled in before the real business of the day can start.'^ If the 
interviewer is really to learn pertinent facts, the applicant must be made 

Some employers have the applicant fill out only an abbreviated preliminary appli- 
cation blank until he has been interviewed by the employment office. This practice 
saves much time and prevents annoyance to many applicants. If the employee is to 
be hired, either he or an employment representative fills out a detailed application 
blank, which is made a matter of permanent record. If the applicant is not employed 
immediately but appears to be a desirable man for future call, he may be requested 
to fill out the more complete card. 
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to feel at home. He is not likely to feel at ease in walking into a new 
plant, unless he is the undesirable type of applicant known as the 
^^floater.” The application blank may readily be used by the interviewer 
as a means of beginning the conversation with the applicant in an attempt 
to find out what kind of person he really is. Such applications form a 
valuable file of eligible workers for whom there are no immediate open- 
ings. When the application blank is used as a file for future prospects, 
it is necessary to recheck this file at stated intervals to keep it alive. 
One method is to send out postal cards at the end of a given period asking 
the applicant to notify the employer if he still wishes to be considered 
for a position. If there is no reply or a negative reply, the application 
blank is destroyed. 

Employment tests.® Much has been written and many experiments 
have been made with employment tests, both trade and mental, including 
general intelligence tests and rating scales. Their place in industry is 
still a matter of controversy, but it may definitely be said that they 
cannot be relied upon too extensively, unless they have been designed 
and checked especially for a particular job. Tests are frequently of more 
value in determining a minimum below which the applicant has little or 
no chance for reasonable success than in rating the relative merits of 
applicants whose scores are high. Trade tests, which presume to test 
directly the abilities of the applicant for the job by having him do some 
work of the kind in which he is supposed to be skilled, unquestionably 
eliminate the bluffer. But frequently it is necessary that a worker be 
given a chance to produce over a long period, because of the peculiar 
type of work or arrangement of machinery in the plant, or because of 
the scarcity of skilled workers at the time. The foregoing statement 
regarding minimum scores is also applicable to performance tests. A 
large food distributor devised a simple test taken from actual computa- 
tions required of route salesmen. It was found that those who made 
four or more errors within the allotted time were almost certain to have 
difficulty with record keeping and making change. On the other hand, 
a perfect score did not insure a successful route salesman or well-kept 
records. The test eliminated the ones who could not perform, but it 
did not insure that the others would perform. Performance tests are 
valuable for simple kinds of work, such as typing. 

Trade tests, which consist of showing the applicant a picture of a 
machine and then asking him a series of questions concerning it, or asking 
him for other similar trade information, are somewhat more valuable, 

5 See Scott et al, op, cit., Chapters XIII to XVII; see also Joseph Tiffin, Industrkd 
Psychology, Prentice-Hall, 1942. 
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provided that the test is used as a part of the general interview, and not 
given like a civil service examination. Although the poorest worker may 
readily pass the best examination if his mind happens to run in such 
channels, nevertheless, if properly devised, such tests may gauge the 
actual ability of the applicant with considerable exactness. 

Mental tests, such as general intelligence tests, are of less proved value 
in the selection of workers, except for setting minimum standards, thus 
eliminating certain applicants. Even in this connection care must be 
exercised. An individual who could not learn certain skills under com- 
petitive conditions within the required time limits imposed by industry 
may have ao^ired these skills under less exacting conditions and be an 
average worker. He may fail the general intelligence test and yet pass 
the performance test. Intelligence tests may give some idea of mental 
quickness or generaL knowledge, but they have not been developed to 
constitute a convincing test of fitness for specific jobs. Mental tests 
which are designed to check a particular ability may be regarded as 
somewhat more successful. Thus a test which indicates quickness of 
perception may be utilized as a partial guide in hiring persons to do 
assembly work on small parts. Rating scales, which may be of some 
value in the promotion of executives, provided the rating is intelli- 
gently done, must be used with great care in the selection of applicants 
for any position. All methods of character analysis by means of physiog- 
nomy have been proved useless, and most advocates of these methods 
found to be complete charlatans. Any test based on such ideas is in 
reality only making the applicant for employment subject to the funda- 
mental or acquired prejudices of the interviewer. 

The foregoing statements regarding employment tests should not be 
interpreted to mean that they should be thrown out entirely. As a matter 
of fact, they ought to be employed much more generally than is now 
the practice, but they should be used with discretion and as aids, not 
final determinants in themselves. 

Physical examinations* In plants having physical examinations of 
applicants, with a doctor always in attendance, this examination may 
readily be given before the worker is finally employed. It is wasteful 
to spend the time necessary to fill in all employment records unless the 
applicant can meet the physical requirements for the job. In plants to 
which the doctor pays only periodic visits, the examination may come 
after the worker has been provisionally on the job for a day or two. 
Practice depends mainly on the purpose of the examination. It is largely 
used today, not as a means of complete rejection, except for communi- 
cable diseases, heart or respiratory disorders, and a few physical handi- 
caps, but as an aid to intelligent placement and follow-up. Unless there 
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are physical examinations, it is very likely that workers will be assigned 
to jobs which are beyond their strength or to which they are peculiarly 
unadapted from the physical standpoint, when they might as well have 
been assigned to tasks which they could satisfactorily perform. Many 
workers and some employees’ organizations have objected to physical 
examinations because they have believed them to be predicated on the 
idea of rejecting the employee if he were not one hundred per cent perfect 
physically. Of course, there is usually no such idea; nevertheless a cer- 
tain fundamental reaction springs up in large numbers of men against 
taking a physical examination before they are given a job. This fact 
must be recognized and guarded against. This attitude on the part of 
workers is much less prevalent today than formerly. Many organiza- 
tions have been using complete physical examinations for twenty-five 
years or more and seldom encounter any complaint. On the other hand, 
there are some communities where physical examinations for jobs are 
relatively unknown. 

Introducing the worker to the job.® The function of employment does 
not end with acceptance of the worker by the employment department 
and with his acceptance of the job. One of the best ways to make a 
new worker dissatisfied with plant conditions is to have him misunder- 
stand them. If he is started at work without any adequate explanation 
of the aims and policies of the concern, and if his job is detailed and 
repetitive, day in and day out, is it surprising that he will not readily 
listen to accounts of the ^^real aims of the plant”? It is desirable that 
he be given a bird’s-eye view of the history, policies, and aims of the 
plant and be shown his connection with them all. One of the most 
common ways of attempting this orientation is by means of a booklet 
which is handed to the employee at the time he begins work, and which 
may have any title except ^^Regulations.” ^ Some concerns place the 
name of the employee on the cover of the book. As previously stated, 
a personal introduction of the worker to the man under whom he is going 
to work is a necessity. Either the foreman or the employment-depart- 
ment representative should be careful to introduce the new employee to 
those around him and to show him the facilities for his personal comfort, 
such as locker rooms and washrooms, as well as those aspects of plant 
routine which intimately concern him, such as entrances, clocks, methods 
of securing pay, and various service features. 

Not only should the worker be properly introduced to his job; he 
should also be carefully followed up, especially during the period immedi- 

*See Scott et al., op. cii., Chapter XXI, “Introducing the Worker to His Job.” 

’ See “Interpreting company policies to employees,” in Chapter 40. 



550 


ORGANIZATION OF PERSONNEL DEPARTMENT 


Ch. 41 


ately after his employment. That is the time of most difficult adjust- 
ment, during which the heaviest turnover figures are run up. In some 
plants, representatives of the employment department, sometimes even 
the interviewers themselves, go to the various departments and talk with 
those who have been recently hired. In such talks an attempt is made 
not only to secure the reactions of the worker to his job but also to check 
up on the judgment of the employment department, so that transfers may 
be made, if necessary and advisable, at the time when they will do the 
most real good. 

The sponsor system is used by some employers. Certain reliable em- 
ployees in each department who have demonstrated their interest in their 
fellow workers are designated to aid the new employee in getting adjusted 
to his new environment. The sponsor accompanies the new worker to 
the lunchroom, shows him the locker room, explains the many rules and 
customs that have grown up in the department, and in general conveys 
to the newcomer the idea that there is at least one member of the group 
on whom he may call for guidance and upon whom he may look as a 
friend. The sponsor may be paid a nominal sum for this service, or he 
may be granted certain special privileges, such as additional days of 
vacation with pay, permission to leave and enter the plant without punch- 
ing a card, or special parking privileges. The assistant foreman or group 
chief may assume the responsibilities of the sponsor, especially in relation 
to most of the auxiliary services. 

Transfers and promotions.® Inasmuch as the employment department 
is charged with providing a satisfactory working personnel for the organ- 
ization, it follows that control of transfers from department to depart- 
ment or of promotions must rest largely with it. 

A promotion system, which frequently involves transfers, is a most 
valuable adjunct to any personnel policy if it can be worked out. Lines 
of promotion should be clearly defined wherever possible, and every effort 
made to create a real promotion policy. Frequently simple promotion 
schemes are effective, such as transferring a worker from dirty or greasy 
work to clean work, or from a night shift to a day shift. One reason 
why a well-developed system of promotions and transfers is necessary 
is that, if some such scheme is not worked out, there will be a tendency 
for the department head to keep his best workers in the jobs that they 
hold. He may seek immediate low cost rather than ultimate low cost. 
If morale is important to ultimate low cost, as it unquestionably is, pro- 
motions are necessary, for nothing builds up morale more readily than 
does a real promotion plan. This does not mean that personnel should 

® See Scott et al, op. cit., Chapter XII, ^Transfer, Promotion, and Discharge.” 
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never be brought in from the outside for executive or subexecutive posi- 
tions. On the contrary, if an organization fills all executive vacancies 
from the ranks, it may lack the drive that comes from new ideas, and 
any promotion policy must be tempered with this knowledge. To pro- 
mote solely from within lays an especially heavy burden upon initial 
hiring. If men capable of rising in the organization are not hired at the 
lower levels, they will not be available for promotion when a vacancy 
arises. 

Another factor in promoting from within is the tendency to adjust the 
working force to absorb at the lower levels the work of the promoted 
employee. It is a well-recognized fact that somewhat more than the 
required number of men is usually carried in large departments, par- 
ticularly on the lower levels among day workers or even group workers. 
In such situations the promoted employee is seldom replaced. The same 
production is usually turned out with the reduced number of men, resulting 
in an increased efficiency per man. 

A promotion scheme, including a line-of-promotion chart, cannot al- 
ways be drawn up and posted, particularly in small organizations. 
Nevertheless the employment department can be always working toward 
such a scheme; and in large organizations, where there are the most 
blind-alley jobs, the development of the idea is easiest. The aim is to 
make sure that the worker has the maximum responsibility and earnings, 
and the firm has the benefit of his greatest ability. In working out such 
a program, quantity and quality of work, length of service, attendance 
record, age, and physical and mental fitness must all be taken into 
account. 

Records of discharges, quits, and layoffs. Policies differ concerning 
the extent of control of the personnel division over the discharge of 
employees. In most plants which have developed employment depart- 
ments, the employee must at least leave the plant through the employ- 
ment office, in order that a record may be obtained of the reason for 
severing the connection. 

In many organizations the policy is that the department head may 
discharge an employee only from his department. In principle this pro- 
gram is sound; and, when it is carried out in good faith by all parties 
concerned, few if any serious disciplinary situations arise. The personnel 
representative, usually the chief employment officer, handling such cases 
must use real human-engineering principles to get maximum results. The 
foreman is jealous of his reputation; so is the workman. Both parties 
are anxious for a chance to ^^save face.’^ Each man desires not to lose 
status in the eyes of his associates. When possible, it is best to transfer 
the worker to a division of the plant as far removed from his original job 
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as is practical. Each party usually feels better about the matter when 
the employment officer can tell the worker that his former foreman recog- 
nizes that he may make good in another department and has recom- 
mended that he be given a transfer if possible. A skillful employment 
adjuster frequently secures the cooperation of the foremen to the extent 
that he will call the employment office before discharging the worker. 

In the event of a discharge special care should be exercised to make 
the cause a matter of record. This may well be signed by the foreman, 
the superintendent, and the employment officer with any other witnesses 
who are available. Such a record may be invaluable later in a hearing 
before the national Labor Relations Board if the company is charged 
with discrimination because of union activities. In some states unem- 
ployment compensation does not become payable so quickly when an 
employee is discharged from one department and refuses to accept a 
transfer to another. Unemployment compensation now makes it highly 
desirable to have accurate records of employees^ quitting of their own 
accord. 

Many times men are laid off from the working force of a department 
because of a reduction in its work but can readily be used in other depart- 
ments of the concern. In such cases an orderly procedure, rather than a 
mere dismissal of the employee, will frequently result in the retention of 
many persons who can be used in other positions. 

Labor turnover. A statistical analysis of the number of workers em- 
ployed in each department, the number hired over a period, and the 
number of “exits,’^ carefully classified, is a measuring stick of the effec- 
tiveness of an enlightened labor policy and of the operation of the em- 
ployment department. The exits should be carefully subdivided as to 
voluntary withdrawals, layoffs, and discharges. It is in the subdivi- 
sions of these main causes of exits that the most valuable data will 
be secured for the development of the personnel policy. Whether the 
voluntary withdrawal is due to dislike for the work, a ^^better job^' (which 
frequently should be interpreted ^^higher pay”), conditions at home, or 
other reasons should be fully investigated before the employee is allowed 
to leave. Sometimes the real reason cannot be ascertained; but at other 
times, if as much care is given to the interview when quitting as is given 
to the interview at selection, some real information will be secured for 
policy determination. The first cause given by the worker cannot always 
be accepted as the real one. In addition to a compilation of causes of 
turnover, the employment department can prepare other interesting and 
valuable statistical information, such as an analysis of the working force 
according to earnings, length of service, or any other basis desired. These 
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analyses can also be combined with turnover statistics by departments 
as an aid in policy formulation and better selection. 

The term labor turnover has acquired special statistical significance. 
It has had different interpretations at different times and by different 
groups. The net labor turnover, the most commonly used term at present, 
may be defined as the number of replacements per one hundred workers 
in the average working force. There are several other definitions, but 
the one given is in quite general use. The formula for computation is 


or 


Net labor turnover 


Total replacements 
Average working force 


X 100 


T = 


lOOiR 

W 


The Bureau of Labor Statistics of the Department of Labor collects 
these data and publishes a monthly index for the entire United States 
broken down into major manufacturing industries. The figure may be 
expressed on a monthly or on an annual basis. Unless otherwise specified, 
the annual rate is used. Although this index is by far the most reliable 
one available on a large scale, it is subject to certain limitations. It is a 
crude unadjusted index and does not take seasonality into account. 
Again, it does not distinguish among the causes for labor turnover. 
Replacements of all types, regardless of cause, are lumped together. 
The cause of replacements is of major significance for remedial personnel 
control. This fact has led many employers to keep a special refined 
turnover rate for their own guidance. In this case their refined net turn- 
over rate is the ratio of the avoidable separations to the average working 
force (per hundred). This formula is T = (S -- A) 100/TV, where A 
stands for unavoidable separations, S for total separations, and W for 
the average working force for the period. 
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EMPLOYEE SERVICE ACTIVITIES 

The nature of service activities. Service work includes all those activi- 
ties which aj^ not directly concerned with the worker in his relation to 
production but which make the plant personnel a healthier, sounder- 
thinking, more forward-looking group. To avoid the pitfalls that caused 
the idea of welfare work to fall into disrepute, the plant must studiously 
avoid any semblance of the attitude, ^^See what we are doing for you.” 
The only excuse for a management's including service work in its indus- 
trial program is that it will make the employees a group of citizens better 
able to carry on the productive processes, or that it constitutes a develop- 
ment which has been approved bj the express will of the employees. A 
safe principle for guiding the inauguration of service activities is to have 
them grow out of the work situation and be in most instances the result 
of employee cooperation. In all instances a more favorable attitude will 
result if the employees participate in the determination of the general 
nature of the activities. 

First aid and medical service. Many organizations in which there are 
no physical examinations for employment have a plant doctor, either on 
a full-time or a part-time basis. The proportion of time that he is at 
the plant usually depends somewhat on its size. The doctor generally 
maintains a dispensary with a nurse in attendance, not only for accidents, 
but for rendering aid and counsel in health matters (see Fig. 42.1) . If the 
plant is fairly large and the doctor on a part-time basis, the dispensary 
is usually in charge of the nurse, who, when occasion demands, also goes 
out to the homes of workers who are ill and who desire her aid. This 
home visiting may take the form of a systematic follow-up of all workers 
who do not report for duty on a given day. When thus organized, the 
program has the added purpose of decreasing absenteeism. Such home 
visiting must be carefully handled if the attitude of paternalism is to be 
avoided. 

The greatest function of the medical department, if organized to give 
health service, is to keep the worker well and on the job. If the confi- 
dence of the workers can be secured so that they will report to the dis- 
pensary when they first feel ill, a large share of absenteeism will usually 
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be eliminated, and the spread of an epidemic within the plant may pos- 
sibly be checked. 

Communicable diseases demand practically daily watchfulness, with 
foremen instructed to be observant. Likewise, health officials must be 
quickly informed of epidemic or multiple illness of all types. Provision 
should be made for treatment of trivial illnesses, first-aid, dental prophy- 
laxis, and ocular attention of a preventive and emergency nature, as well 
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Fig. 42.1. First aid. There is a series of private rooms in which all major cases are 
handled. This dispensary is completely equipped with X-rays and various thera- 
peutic devices. 

as the usual surgical treatment of minor injuries. Except in isolated 
communities, as a rule, major surgery and sickness should go to outside 
hospitals or elsewhere. Finally, compensation approvals must pass under 
the physician^s scrutiny. 

Industrial physicians should be allowed to lay stress on health com- 
plaints made by workers and not wait for sickness disability. Surgery, 
in the face of disability statistics, certainly requires much less stress than 
ordinary sickness. Real occupational diseases constitute a very small 
part of the sickness disability occurring among workers. It has been 
found that sickness causes twenty times as many cases of absenteeism 
as accidents and is responsible for seven times as much loss of time from 
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work. True, the greater portion of sickness disability among workers 
is extra-industrial in nature and is equally prevalent among adults of 
like ages and sexes in the general community, perhaps more so; but a 
considerable part can be greatly influenced by industrial environment 
and methods of personnel supervision and, as such, is capable of consider- 
able reduction in the matter of days of absence from work.^ 

A medical department can do much to reduce compensation claims 
and loss of production time, but only if it is skillfully directed. Indus- 
trial physicians and nurses must understand the human side of their daily 
contacts. They must at least be given a cheerful place in which to work, 
and one tha#4s central enough to make it convenient to all the workers. 
It has been found impracticable for most plants employing fewer than 
500 workers to employ a physician on full time. Plants employing from 
500 to 2000 workers may or may not employ a full-time physician; plants 
with more than 2000 workers almost uniformly do. These facts, together 
with the cost of medical-department operation, have been worked out in 
a very complete study by the National Industrial Conference Board.^ 
This study indicates that the annual cost per worker of well-organized 
medical departments averages about $4.50, the cost for the smaller plants 
being higher, or in the neighborhood of $6.00. Five large companies in the 
Chicago area reported that their costs for first aid and medical service 
for 1945 averaged from $5.00 to $16.00 per capita. Naturally this wide 
variation in expenditure represents a marked difference in the activities 
of the various medical departments. These figures cannot be viewed 
properly without considering the reduction in compensation claims and 
lost time and the increase in general contentment, due to the good health 
that such departments bring. 

The well-organized medical department is able to collect a mass of 
highly useful data for the personnel and production executives concerning 
unhealthful conditions and unsafe operations within the factory. The 
checking of causes of absence may be done by a factory nurse. The 
only possible excuse for entering a workman's home when he does not 
report for work is to render assistance if he is sick. If it is found upon 
calling that the worker’s absence is due to any other cause, there is but 
one procedure, namely, to withdraw promptly. Any other action is 
paternalistic to an impossible degree. Nevertheless, a clever factory 
nurse can secure much useful information in making her rounds, and her 
value in reducing absences is not confined to aiding ill workers to return 

1 Adapted from address by Emery R. Hayhurst, M.D., Ohio State University and 
State Department of Health, Columbus, before Conference on Women in Industry, 
Special Bulletin No. 10, Pennsylvania Department of Labor and Industry. 

2 National Industrial Conference Board, Research Report No» S7, pp. 10-11. 
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to work more promptly. Her visits have a moral value, too, inasmuch 
as they indicate more strongly than any amount of regulation by the 
management, the importance of being on the job. No plant can long 
afford to carry workers who are consistently absent without good reason, 
and the factory nurse is the proper person to find out the cause. The 
visiting nurse and doctor serve as the basis for administration of sick 
funds maintained by any mutual-benefit association in the plant. The 
nurse should also be closely in touch with any charitable organizations 
in the community which might be interested in aiding workers whose 
illness has left them temporarily in bad financial situations. Some com- 
panies feel strongly that it is very desirable that the handling of such 
cases be called to the attention of such duly organized agencies and left 
with them. 

Recreational activities. Recreational features may take the form of 
dancing, music, or speeches during the noon hour; plays, band concerts, 
or dances given by workers at intervals throughout the year; or the de- 
velopment of clubs and clubhouses. These features, particularly the last, 
are bound to fail unless the basic wage of the plant is right. The workers 
will quickly see that such activities are costing the firm a considerable 
outlay and will be likely to demand that the money be put into their 
pay envelopes, unless they are already fairly well satisfied with their 
wages. If professional talent is available, it may be called upon infre- 
quently for short concerts during the noon hour with satisfactory results. 
Plays and dances are valuable if they are fostered by the employees 
through organizations of their own, which call upon the service depart- 
ment only for guidance. Such activities are particularly workable in 
small towns; however, the employees of Western Electric Company, Haw- 
thorne Station, Chicago, have had remarkable success with them. Clubs, 
particularly country clubs, laid out on a large scale, cannot possibly be 
successful unless the management has the complete good will of its em- 
ployees. There is too much opportunity for the criticism of large expendi- 
tures. If the esprit de corps has not been worked up to a high pitch before 
the opening of the club, it will be difficult to get the whole-hearted cooper- 
ation of all elements within the working force for its support. To avoid 
the charge of paternalism, clubs, after formation, should be operated as 
employees^ organizations; and, since they involve large investments on 
the part of the company, it is necessary that steps be taken when they 
are organized to prevent internal politics in these organizations from 
wrecking the project. If a plant is properly situated, and if all funda- 
mental conditions are right, there is no feature of service work that will 
do more to secure the mutual understanding of all elements within the 
plant than will a club. If this is to be true, however, it is essential that 
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all employees, whatever their plant status, be given an equal status 
within the walls of the club. 

Athletics, while valuable, have been carried to an extreme in many 
organizations. Interdepartmental competitions tend to raise the spirit 
of the departments, and girls* or men*s basketball teams and men*s base- 
ball teams are particularly successful. Athletics develop health and 
encourage that most valuable asset to any industrial concern, teamplay. 
They develop plant consciousness and leaders. If plant teams are formed, 
the tendency toward professionalism and the hiring of workers merely 
for their athletic ability must be guarded against. Even teams composed 
of bona-fid^tnployees tend to make the winning of games their primary 
interest during the playing season. At times this definitely interferes 
with the productivity of the individual workers involved. In small towns, 
where the company tfeam is in reality the town team, these objections are 
frequently wholly out-weighed by the good will which the team builds 
up in the community. But too much time, too much attention, and too 
much money can readily be bestowed on athletic work that emphasizes 
competitive rather than health features. 

Restrooms for women have social as well as health values. 

Restaurants, cafeterias, and lunchwagons. The maintenance of plant 
restaurants and cafeterias has become almost universal. Even when the 
neighborhood is blessed with fairly good places to eat, it has come to be 
regarded as desirable to institute a plant cafeteria. Such a cafeteria not 
only makes possible the development of esprit de corps through the meet- 
ing of fellow-workers but also insures that employees will be properly 
nourished for the afternoon*s work. These features make the restaurant 
a dividend-paying investment. Since profit is ignored, costs in factory 
restaurants are usually less than those in commercial restaurants. Costs 
are usually based on the price of food and service, overhead being 
eliminated. For the poorer portions of the working force and for women 
workers who are also housewives, the factory restaurant provides an 
opportunity to get at least one good meal a day. 

The establishment of a plant restaurant makes possible the enforce- 
ment of regulations against eating in the workrooms. In some industries, 
such as clothing factories, food-preparation industries, and drug and 
chemical industries, it is necessary to prohibit eating in the regular work- 
rooms. 

In most industries it is desirable to have a clean lunchroom of some 
type. The cafeteria style of restaurant finds most favor because of the 
lower cost and the speed of its operation (see Fig. 42.2). 

When it seems desirable, a restaurant company or an individual may 
run the plant restaurant on contract, provided careful supervision is 
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maintained over its operation. Wherever possible, it is desirable that 
the restaurant be operated by the plant itself. 

The actual management of the restaurant provides an excellent oppor- 
tunity for promoting industrial democracy. It has been found successful 
in some instances to have the restaurant operated by an employees^ club 
or other employees^ organizations. In one large midwest organization 



Courtesy, the Cleveland Graphite Bronze Company 
Fig. 42.2, An unusually attractive employees’ cafeteria. 


the restaurant and employees^ club are operated by the purchasing de- 
partment but are under the supervision of a committee representing the 
employees. 

The restaurant may readily be made the center of the service activities 
of the firm. If entertainment features are desired, they can be provided 
in the restaurant, either during the noon hour or at other times. The 
restaurant can be made the center of employee or departmental functions 
and provides an assembly room upon which there is little desire or likeli- 
hood of encroaching. 

In many companies a lunchwagon makes the rounds in the middle of 
the morning and afternoon (see Fig. 42.3). These lunchwagons serve 
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sandwiches, soup, coffee, soft drinks, candy bars, and similar items. The 
workers usually take an informal rest period at this time and buy items 
from the wagon or eat from their lunchboxes. The time out for these 
brief lunches does not retard production as much as some people think. 
In many instances production is even greater than it would be with no 
time off. 



Restrooms and locker rooms. There are certain features, generally 
classified under service work, the desirability of which cannot be ques- 
tioned, from the standpoint of either the employer or the employee. They 
are in reality a portion of any sound policy of operation and may be 
placed under the personnel division merely for convenience of adminis- 
tration. Such activities are the operation of adequate locker rooms and 
washrooms. In many organizations these rooms are under the direct 
supervision of the department head and are kept clean by the janitor 
force just as is the rest of the department. Regardless of the organiza- 
tional setup, the personnel department will be interested in the adequacy 
of these facilities, just as it is in plant safety and sanitation. Locker 
rooms should provide individual lockers, and wash rooms should be 
constantly supervised and kept clean. Restrooms for women (Fig. 42.4) 
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come under this heading and are uniformly desirable, if not maintained 
on too elaborate a scale. 

Employee financial activities. Funds which are built up through volun- 
tary associations of employees are valuable from the standpoint of the 
employee and the plant. Such funds are those of the building and loan 



Courtesy, Western Electric Company 
Fig. 42.4. Women’s restroom. 


associations and benefit associations, and savings funds. Company 
group-insurance plans and retirement plans are also very successful. 
Many companies have not been especially successful in operating em- 
ployees^ savings funds themselves, but these same companies may well 
urge the establishment of Christmas savings clubs, vacation funds, or 
building associations and can lend the time and experience of one or 
more of their executives or lawyers to act as an adviser to such groups. 
The board of directors of such associations, to be successful, must be 
composed almost entirely of workers, with probably one representative 
of the management, who will sit for the purposes named. Associations 
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of employees created for savings purposes of one kind and another form 
an excellent foundation for the beginnings of cooperative management. 
Savings funds usually work out best if they have some particular purpose 
in view, such as Christmas savings clubs. 

Credit unions or workers^ banks have been signally successful as a 
medium for saving for workers who have a surplus and as a source of funds 
at reasonable rates for workers in need of immediate funds. They may 
be organized under either state or national laws. The workers themselves 
control them. Management may underwrite them to the extent of pro- 
viding free oflSce space and clerical aid in some instances, such as making 
payroll dechietions for repayments or doing bookkeeping.^ The credit 
union of one Chicago firm has deposits exceeding $1,000,000. Dividends 
are usually limited to 6 per cent, with excess earnings going to surplus. 
During recent years^he dividends have seldom been more than 3 per cent 
because of a falling off in the demand for loans from employees and the 
low interest rates on the available investments, which have been primarily 
government bonds. 

Group insurance. Group-insurance plans were formerly utilized largely 
by companies as a means of putting a premium on length of service. 
They were sometimes used together with increased wages for length of 
service, but frequently formed the only length-of-service bonus. The 
provision for group insurance has increased greatly in recent years. 
Length of service is still a vital factor in some group-insurance programs. 
Nearly all of them require a waiting period, such as 3 or 6 months, before 
the worker is eligible. Many of the programs today are based not on 
the length of service but on the earnings of the employees; for instance, 
employees earning $4000 and above may be eligible for $5000 insurance; 
those earning $3000, $2000, $1500, and $1000 or above may respectively 
be eligible for $4000, $2500, $2000, and $1500 in group insurance. Where 
length of service is the determining factor, it is not unusual for the com- 
pany to bear all the expense, and the insured amount is usually lower. 
This practice, however, is by no means universal. The advantages to 
the employees are lower rates and no physical examination because the 
policies are taken out on the group basis. One disadvantage of group 
insurance where the worker pays most or all of the cost, from the stand- 
point of the younger worker, is the fact that his rate is often higher than 
it would be if he bought the same protection alone. This fact has en- 
couraged company contributions, which is the prevailing system. 

3 See R. F. Bergengren, The Credit Union: a Cooperative Banking Bank, Credit 
Union National Extension Bureau, Boston, 1931; also annual reports of the Farm 
Credit Administration, a bureau which administers the Federal Credit Union Section, 
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Retirement plans. Retirement plans are usually worked out on a scale 
which varies with length of service. One plan provides for the retirement 
of all employees of 65 years (women, 55 years) after 20 years of service, 
or the retirement of employees of 60 years (women, 50 years) after 30 
years of service, with certain special provisions for others. The retire- 
ment payments are 30 per cent of the average pay per month of service 
during the 10 years immediately preceding retirement, with a minimum 
of $20 per month. The plan is in charge of a Service Retirement Board 
consisting of five officials of the company, who have discretionary power 
to retire others than those affected by the major provisions of the plan, 
for instance, employees who become physically incapacitated for service. 

Some retirement plans are regular annuities purchased from insurance 
companies. Sometimes the worker contributes a specific amount, such 
as 3 per cent, to the plan, and the company matches his contribution. 
In some instances company contributions to retirement plans have been 
reduced by the amount paid by the company to the Social Security Fund 
for old-age pensions. 

Company stores. Companies that manufacture wearing apparel or 
other articles which employees are interested in purchasing usually main- 
tain retail counters or stores at which employees may purchase the prod- 
uct at wholesale prices. Other companies operate retail stores for the 
purpose of selling groceries and other necessities. These stores are best 
run on a cooperative basis, if criticism and ultimate failure are to be 
avoided. Occasionally these stores sell coal and other expensive neces- 
sities on the weekly basis. Articles are usually priced on a basis of cost 
plus handling charge, with invantories taken frequently and prices ad- 
justed accordingly. Sometimes there will be an attempt to make a profit, 
with this profit turned over to the mutual-benefit association of the plant. 
Some company stores remain open all day, when either workers or their 
families are permitted to make purchases. Other stores are open only 
just before and after working hours and at the noon period. A large 
store may utilize a box into which orders can be dropped. These orders 
are filled during the day and are ready for the worker when he calls for 
them in the evening. 

Company stores were more prevalent just after World War I, when 
retail prices were soaring. Opposition from local merchants is very com- 
mon, especially when the store does not limit its activities to the com- 
pany's own products but does a general business. A few years ago the 
Ford Motor Company operated a gigantic store for its employees in the 
Highland Park plant. Local merchants complained bitterly, and eventu 
ally the store was closed. 
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TRAINING IN INDUSTRY 

Divisions of training. There are two major divisions into which the 
industrial educational and training programs may logically fall, namely, 
(1) specific iWiining for job or occupational tasks, and (2) a general 
educational program whi«h has as its objectives raising the general intel- 
lectual level of the group, transmitting company policies to employees, 
training in health and^safety practices, promoting good citizenship, and 
developing morale. Under either of these two broad divisions executive 
and supervisory training, factory- worker training, office-worker training, 
and sales training are provided. Practically all business enterprises 
engage in both these types of activities in a limited way even though 
no formal programs exist. Only the larger organizations can spend the 
money necessary to have an organized effort in all these fields. 

Much of the strictly educational work can frequently best be carried 
on by the formation of clubs among the employees, which will be able 
to conduct the educational work with but little guidance from the per- 
sonnel department. If a plant library, which is sometimes particularly 
desirable in small towns, is to be established, it can best be put under 
the supervision of some employees’ club or association, although it should 
not be necessary that any employee to be a member of the organization 
in order to secure the benefits of the library. Education in thrift and 
the giving of sound financial advice are frequently possible but can prob- 
ably best be carried on through the plant paper. If there are savings 
funds or other similar plant organizations, they can best handle thrift 
education. 

A few of the larger corporations, such as the Goodyear Tire and 
Rubber Company, the Ford Motor Company, the Chrysler Corporation, 
and the General Motors Corporation, have at times conducted elaborate 
educational programs. The Chrysler Corporation has the Chrysler Insti- 
tute of Technology; the Ford Motor Company, the Edison Institute of 
Technology; and General Motors, the General Motors Institute of Tech- 
nology at Flint, Michigan. It is true that these schools have as one of 
their objectives the training of executives and therefore may reasonably 
be classed under the specific heading of training for executives. On the 
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other hand, many courses are offered in the school at Flint which are of 
a general educational nature. It is doubtful whether such programs will 
increase in number, especially in the light of changing educational trends 
in the regularly organized colleges, such as the cooperative courses at the 
University of Cincinnati, Antioch College, Massachusetts Institute of 
Technology, and the Technological Institute of Northwestern University. 
The evening classes for strictly educational purposes have grown rapidly 
in recent years. 

The house organ as a medium for training. One of the most successful 
ways of disseminating personnel policies is through the plant publication. 
Such an organ will thoroughly acquaint the employees with each other 
and with the management, and it may be readily utilized as a means of 
expressing the fundamental concepts of the employer and the manage- 
ment and, frequently, the viewpoints of the workers as well. The plant 
paper is particularly valuable in this connection in organizations whose 
units are widely scattered, although its value is by no means limited to 
such cases. Of course, many plant papers are published which make no 
attempt to cover labor policy and are put out merely with the hope of 
increasing the good will of the employees in some general way. Although 
these papers are usually valuable, it is to be regretted that they do not 
make themselves additionally useful by considering labor policy. Not 
much space is needed for this purpose, and most of the magazine may 
still be used for educational, inspirational, and local-interest material. 
The first requisite of an employees^ paper is that it be interesting, or 
it will serve no purpose. Most of the paper must describe employees^ 
activities and relate interesting facts about the individual departments 
or the plant as a whole. 

Methods of instruction. The methods of instruction in industry are 
as varied as they are in organized schools. The different methods may 
in general be classified as follows: lecture, quiz, laboratory, project, con- 
ference, correspondence, and various combinations of these. The lecture 
method is effective for imparting facts, such as informing a group of 
new employees regarding the policies of the company. Slides and moving 
pictures may be used in connection with the lecture method, as well as 
with other methods. The laboratory method is particularly valuable in 
imparting certain skills and other information concerning machines and 
materials. Correspondence courses may be used where the employees 
are scattered and special information is to be taught. The correspondence 
method is the least desirable of all, but is the only one practicable under 
some circumstances. The conference method is particularly suited to 
the instruction of adults and has been popularized in executive training 
for the past twenty years. 
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The Purpose of the foreman conference is to stimulate individual thought, 
develop initiative and the powers of attacking new problems on the part of the 
foremen by means of informal discussions in groups of about twelve men. The 
foreman-conference method differs radically from the conventional teaching 
methods ordinarily employed. A chairman, or conference leader, presides over 
each group, but he is not a teacher; his duty is simply to use questions in order 
to develop free discussion among the members of the group and keep the dis- 
cussion from deviating from the desired goal. By the conference method, fore- 
men teach themselves. 

The conference method of foreman training is of particular value on account 
of its flexibility. The text material plays only a minor role, practical experi- 
ence forminpthe background for every discussion.^ 

At a conference sponsored by the General Motors Institute of Tech- 
nology, Mr. Frank Cushman of the Federal Board for Vocational Educa- 
tion, Washington, D. C., was the conference leader on the general subject 
of methods of instructing foremen. Out of this conference, attended by 
personnel directors and other key executives, the summary presented in 
Table 43.1 was developed. 

Training workers for specific jobs. Training work, although usually 
valuable, is always expensive, and it will not prove profitable on a large 
scale in small organizations, save for a very few highly specialized jobs. 
Such instruction merely modifies the previous training and experience 
of the worker in a way that will enable him to perform his tasks more 
effectively. Such training is a portion of the supervisory process and 
must always be carried on. 

Inexperienced workers are continually applying for employment in 
tasks that require experience. Frequently these applicants can be elimi- 
nated by the employment department, but often they must be hired and 
tried because of the scarcity of workers. Figure 43.1 shows a very 
successful training school of the General Motors Truck and Coach Divi- 
sion. Each girl spent three days in this school before going out into 
production. Often workers, generally skilled in the trade, must be trained 
in a particular branch of it, if spoiled work, damaged machinery, or the 
risk of accidents is to be reduced to the minimum. Then, too, there are 
great potential gains in training workers already employed for advance- 
ment, and in training foremen and departmental supervisors toward a 
better understanding of the company and their jobs. These are the phases 
of a general training program, and they must always be developed with 
the present and prospective sizes and the general policies of the organiza- 
tion in mind. 

1 Bulletin of Engineering Extension Division of Pennsylvania State College 
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Apprentice training. Apprenticeship as a vital part of the social and 
economic mores is not as common in industry as it was 30 years ago. 
Such training is found today only in fairly large plants, which, because 
of the great number of all-round workers that they need, can afford to 
introduce training courses and stand the expense of training workers who 
may not remain with them. Thus such companies as the Westinghouse 



Courtesy, Genera: Motors Truck and Coach Division 
Fig. 43.1. Vestibule training school located in the plant adjacent to the regular work- 
place. 


Electric and Manufacturing Company, the Goodyear Tire and Rubber 
Company, the General Electric Company, and the Ford Motor Company 
have found it profitable to develop apprentice courses. In these courses 
are enrolled young men and boys 16 to 18 years old or more who are 
trained for 3 or 4 years, paid wages for hours of instruction, as well as 
hours of production, and then at the end of the course are graduated 
as qualified journeymen and given in some instances $150 or $250 and 
their kit of tools. 

A special feature that differentiates apprentice training from the train- 
ing for operating a special-production machine is the attempt to teach 
the apprentice the underlying principles behind the trade. This instruc- 
tion is immeasurably more fundamental than mere job training. There 
has been a revival of interest in apprentice training since the depression 
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of the thirties. For a while jobs were harder for young men to get, and 
the more ambitious ones turned to apprentice training as a desirable way 
out. The federal government has established a permanent committee on 
apprentice training, and employers have grown to realize that this pro- 
gram is particularly desirable in the training of men who will later de- 
velop into minor executives. 

Vestibule schools. One of the most highly developed forms of indus- 
trial training is the “vestibule school,” which teaches operations rather 
than principles. This is a preliminary-training shop especially designed 
for instruction, through which new employees are taken before being 
allowed to work on the production floors. This type of school attained 
particular favor during World Wars I and II because of the large num- 
ber of workers engaged in occupations with which they had previously 
been totally unfamiliar. Sometimes this training takes place in a sepa- 
rate room and sometimes in the corner of the actual production floor, 
which is rather better when feasible, since it makes possible the imme- 
diate orientation of the new employee to the shop atmosphere of pro- 
duction (Fig. 43.1). 

There are times when the vestibule school provides the best type of 
training, for example, when the job is unusually hard to learn, as con- 
trasted with similar jobs within the industry, or when instruction seems 
to be impossible in the shop because of unusual conditions of production. 
However, it has many disadvantages, a few of which are as follows; 

1. No matter how great the attempt, it is difficult to reproduce actual working 
conditions. 

2. It is difficult and expensive to have sufficient machinery of each type in the plant 
set up in the school for instruction purposes. 

3. Because of the uneven demand for new workers, usually either part of the ves- 
tibule school is idle, or workers are rushed through it without the desired training. 

4. There is nearly always an adjustment period during the transition from the ves- 
tibule school to factory operations, especially if the worker spends long enough time 
in the vestibule school to be able to meet production standards. When the worker 
gets only the initial training in the vestibule school, this criticism is not valid. 

Training the worker on the job in the shop. The most popular form 
of employee training is the instruction of the worker on the production 
floor while engaged in the regular processes of production. In training 
in this manner no additional equipment is necessary, but it is essential 
that the work be constantly checked to insure that training is actually 
being carried on. Such training is usually given by the foreman or under 
his immediate supervision. This is an ideal method of training under 
modern industrial methods, because the foreman, having been relieved of 
many of his previous duties, is left free for supervision and training, his 
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logical work. All foremen are not inherently successful teachers, but, if 
they have as complete a knowledge of their work as may be expected of 
them, they may readily be trained to impart their knowledge to others. 
The Training Within Industry (T.W.I.) Program and similar instruction 
for supervisors and shop instructors have raised the standards of instruct- 
ing on the job. Foremen are often aided in the instruction of beginners 
by an assistant particularly designated for that work, if the department 
is large, or by designated workmen in a smaller department. Under the 
latter method it is necessary to reward the worker for giving instruction. 
Success will usually follow training under the foreman, if it is made clear 
that this is of his chief duties, and if means are provided for follow- 
ing up workers to see that they are, in fact, receiving training and are 
not being left to drift. 

Training for prom^ion. The need for training for promotion arises 
from the demand for men to care for an expanding program, as well as 
for the normal replacements necessitated by deaths, retirement, “quits, 
or other factors in expected labor turnover. Any promotion program 
which may be adopted by a concern cannot be allowed to rest with the 
development of line-of-promotion charts. Means must be provided for 
the training of deserving employees for tasks that are higher on the pro- 
motion scale. With the vestibule school this may be accomplished read- 
ily, and such a program allows for the utilization of this school during 
times when it might otherwise not be busy. Without the vestibule school 
it is necessary to sell the various foremen on the desirability of the train- 
ing program and to follow up the program by accurate records to see that 
employees who are in fact successful are being prepared for advancement 
by their supervisors along the lines laid down by the promotion program. 

The use of the system of understudies has been advantageous in some 
organizations possessing a high type of morale, especially when the or- 
ganization is expanding. The understudy system requires careful follow- 
up, or it may exist in name only. Many workmen as well as supervisors 
are reluctant to train an understudy for fear that he will take the job. 

Training supervisors, foremen, and subexecutives. Subexecutives hold 
a new and very important place in industry today. Upon them devolves 
the task of directing wisely the huge mass of industrial workers. To 
them these workers look for guidance and for an interpretation of the 
policy of the company. To the employee the foreman stands for the 
management of the plant. The development of modern industry from 
craftsmanship and small shops to machine production carried on in vast 
buildings — often only one group of a chain of enterprises under the same 
management — has automatically made the foreman the interpreter of the 
management to the men as well as the director of production itself. In 
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this dual capacity the foreman stands between management on the one 
hand and the rank and file of workers on the other — a peculiarly difficult 
and at the same time a powerful position. Among his responsibilities are 
the standard of production and the quality and quantity of work; indeed, 
upon him depend not only the stability and effectiveness of the industrial 
fabric, but also the fulfillment of the aspirations of thousands. In many 
respects the training of subexecutives is more important than the training 
of workers in the mechanical skills, because executive and supervisory 
abilities are relatively scarcer than mechanical abilities. 

Much can be done to train these subexecutives for their tasks merely 
through the method of organizing the enterprise, as was explained in 
considering the committee idea in organization.^ Much more can be 
done through intelligently handled plans of foreman and subexecutive 
training. Such training must primarily aim to develop the qualities of 
leadership of the foreman or subexecutive. It must broaden him and at 
the same time develop qualities of analysis that will enable him to visual- 
ize his job. One of the most important aims of such training must be to 
develop leadership in the foreman. Regardless of the formation and 
operation of a personnel department which will endeavor to win the com- 
plete confidence of the working force, it is but natural and desirable that 
a large proportion of the workmen will continue to look to the foreman 
as their leader and representative with the firm. Thus, the foreman 
should occupy a place in the esteem and confidence of the workers which 
cannot be duplicated by any artificial relationship that may be estab- 
lished. 

Foreman and subexecutive training should encourage subexecutives to 
see the plant as a whole and to see their relation to it. Furthermore, it 
should so develop these members of the organization as to qualify them 
for advancement to positions of greater authority which become available. 

Caution must be exercised in the methods of training which are used. 
The training must be carefully developed, lest it result in the swelling, 
rather than the growing, of those being trained. This unfortunate result 
is likely to follow unstinted reiteration of the great importance of the 
subexecutive to the business. Furthermore, if the inducement of ad- 
vancement is held out by the firm as the bait to attract the subexecutive 
to the training, there is likely to be much disappointment when it is 
realized that, for every possible promotion that may exist, there are a 
number of trained candidates. Last, but not least, managements must 
be careful that they do not encourage the enrollment of their subexecu- 
tives in training courses advocating policies which the management is not 


2 See Chapter 6. 
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ready and willing to see carried into effect. It presents a sad situation 
to have the subordinate trained in scientific-management techniques 
which his superior spurns. Foremen, particularly, who receive this train- 
ing and who find themselves both unable to advance to higher positions 
and unable to put into effect the methods which they have learned, are 
likely to develop a very bitter attitude toward those higher up in the 
management. 

Two general types of subexecutive training have been developed, that 
which provides for discussions of methods, policies, and trends by the 
supervisory force of one plant at meetings held at the plant, and that 
which providjn^ for enrollment in general groups of supervisors from a 
number of organizations. The first plan is by far the more desirable 
where it can be adopted, but small concerns, located in large industrial 
communities, will fincj^ much to attract them in the second method. In 
the one-plant groups an opportunity is provided to relate all discussions 
to the problems of the plant and the individuals who compose the group. 
Where such groups do not provide the training which is desired for any 
particular supervisor, such a person may be individually advised to join 
some general group or some particular home-reading course, trade school, 
or evening course. To secure the benefits of real training, however, it is 
essential that any groups organized within the plan be homogeneous, in 
order that topics of direct interest to all may be discussed. Several train- 
ing groups may well be organized. If large groups composed entirely of 
executives are to be formed, it is necessary that the material discussed 
be confined to general subjects or to matter that involves the coordination 
of activities of nearly all those present. Such plant groups can often be 
handled to best advantage as part of a foreman's club or similar activity. 

Group training courses, which are available in varying numbers de- 
pending on the size of the town in which the plant is located, and which 
may be recommended by the management, include Y.M.C.A. courses, 
university evening and extension courses, and courses maintained by 
groups of plants acting jointly. 

The procedures used in instruction have been discussed on p. 565 under 
the heading. Methods of Instruction. The conference method is recom- 
mended as particularly suited for training foremen and subexecutives. 
The subject matter for most of the earlier phases of the training will be 
selected from actual problems arising in the particular plant, such as 
quality control, securing suggestions from employees, good plant house- 
keeping, accident prevention, the foreman as a leader of men, the fore- 
man as a teacher. The more intimately these discussions are tied to the 
actual operations in the plant, the more profitable they will be. Such 
meetings, if properly led, will result in real foremanship training. 
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In addition to material relating to the functions of foremen and the 
manner of handling their work, general material on economics, the poli- 
cies and history of the company, and problems of the industry are intro- 
duced in the most complete training programs (see Fig. 43.2). 

The training supervisor. In large plants all training may well be 
placed under the direction of a supervisor of training, who may report 



Courtesy, General Motors Truck and Coach Division 
Fig. 43.2. A foremen’s conference. 


to the director of personnel. The director of training should be a man of 
executive caliber who has the proper background for training. It is a 
waste of money to have a $200-a-month man try to train $350-$600-a- 
month supervisors. In smaller plants direction of training will probably 
be placed under* the employment department or the service department. 
At any rate, it is largely a personnel function, although it deals inti- 
mately with production. In it are involved numerous major relation- 
ships of the management and the workers, including fitness for the job, 
promotion, and interpretation of plant policy. As such, it is primarily 
a personnel function, at least to the extent of follow-up. Actual instruc- 
tion may well be in charge of the production force itself. 

Figure 43.3 illustrates the methods used by Armstrong Cork in super- 
visory training. The circles at the top of the diagram represent training 
on an individual basis, and the rectangles represent group training. 
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Cooperation with universities and colleges. Many business enterprises 
that do not have active educational programs of their own encourage 
their employees to attend classes in the regularly established colleges and 
evening public schools of the community. In some instances this encour- 
agement takes only the form of approval by the supervisor or personnel 
department by noting such attendance on the employee's record. In other 



Fig. 43.3. Graph showing supervisory training methods of Armstrong Cork Company. 

cases the company pays a part or all of the tuition on successful com- 
pletion of these courses. In some instances these financial aids are given 
only when the courses taken are such that they may reasonably be ex- 
pected to increase the efficiency of the employee in his present job or aid 
in his preparation for promotion. 

In some communities that have no regularly established evening schools 
employees are encouraged to take correspondence courses. Specialized 
correspondence courses may also be promoted even where regular schools 
are available. A word of caution should be made with reference to 
encouraging employees to take correspondence courses. A survey made 
by the Minnesota Employment Institute showed that only 6 per cent of 
the persons included in their study finished the course. Forty per cent 
gave up before the end of the first year, and approximately 75 per cent 
dropped out before the end of the second year. 
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THE FOREMAN, A REPRESENTATIVE OF BOTH 
MEN AND MANAGEMENT 

The foreman’s position in the organization. In a very real sense the 
foreman is the directing head of an important economic unit.^ It is true 
that his unit is intimately related to ether departments within the enter- 
prise, that his success is dependent upon the performance of other depart- 
ments that precede his; but it is equally true that the departments that 
follow him cannot function effectively unless the work in his department 
has been properly executed. It is not unusual for a foreman in a large 
organization to have more men under his direct supervision than do 
plant managers in smaller institutions. The foreman must see that ma- 
terials are available for his men, that men are available for the various 
tasks, that work is performed according to specifications and quality is 
maintained, that each worker turns out the quantity of work expected 
of him, that the machines are in proper working order and are operated 
in such a manner that they will give maximum life as well as maximum 
output. In other words, he is the general manager of his department. It 
is true that he may have staff or functional assistance in performing 
many of these duties, yet such aid does not wholly relieve him of his re- 
sponsibility. A wise group of functional and staff officers will consult 
the foreman in making many of their decisions. As a matter of fact, the 
foreman in practice is required to give much of his time to aiding these 
staff officers. They relieve him of many details that he formerly had to 
care for, but he still remains an impprtant person in the proper function- 
ing of these specialized departments. By being relieved of some of the 
details, the foreman is enabled to exercise more effective leadership in 
his department. He is no longer required to be a first-rank specialist in 
many things, but he must be an all-round leader in various functions. 

1 Although the terms ‘^foreman” and "supervisors^ are used interchangeably in this 
chapter, practically everything that is said about them applies also to the office man- 
ager or the department head in any business, whether it be a department store, bank, 
public utility, or factory. In fact, most of the principles of scientific management, 
as developed in industrial management, are universal in their application with slight 
modifications to meet the peculiarities of the individual situation. 
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In large-scale industry the key man, as far as the worker is concerned, 
is the foreman. This fact is generally recognized, and most executive- 
training programs are basically built upon the training of the foremen. 
By far the most of these training programs are nontechnical, but they 
emphasize the leadership factors in a foreman's responsibilities. 

Responsibilities of the foreman. An analysis of the foreman’s duties 
will show that his responsibilities may be subdivided under three main 
headings : namely, to management, to the workers, and for materials and 
equipment, as follows; 

1. To management. 2 

1.1. To transmit faithfully managerial policies to the men. 

1.2. To transmit the Worker’s desires and aims to management. (This is a 
dual function. The foreman owes this responsibility both to the men and 
to the managentent.) 

1.3. To get out the required production on time. 

1.4. To maintain standards of quality by producing according to specifications. 

1.5. To formulate plans and methods to increase productive efficiency. 

1.6. To reduce all waste and scrap to a minimum. 

1.7. To keep accurate records from which future action can be guided. 

1.8. To render reports as required. 

2. To the employees under his supervision. 

2.1. To provide adequate instruction in: 

2.11. Company policies and procedures. 

2.12. Correct methods of performing the required operations. 

2.13. The next job ahead, to enable the workman to be eligible for pro- 
motion if a vacancy occurs. 

2.2. To maintain satisfactory working conditions — cleanliness, order, safety, 
and an even flow of work. 

2.3. To maintain discipline. 

2.4. To promote cooperative effort and good will. 

2.5. To represent the workers to management. 

2.6. To promote and transfer impartially when opportunity presents itself. 

2.7. To rate the workers fairly for wage determination. 

2.8. To encourage suggestions and to give credit where it is due. 

2.9. To strive to fit each worker into the job fpr which his capabilities are best 
suited. 

2.10. To recognize individual differences and to provide inspirational leader- 
ship. 

3. For materials, buildings, and equipment. 

3.1. To aid in the selection of material most suitable for use in the plant. 

3.2. To aid in the selection of the best equipment for a given operation. 

3.3. To handle materials efficiently so as to minimize waste. 

3.4. To use equipment according to the best practice. 

2 This tabulation is adapted from Department Management, Chapter 8, published 
by the General Motors Institute of Technology, Flint, Michigan, 1927. 
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3^. To inspect materials, work in process, and equipment. (This does not take 
the place of the functional inspection of the other departments but is a 
part of the process of manufacturing according to established standards.) 

The foregoing tabulation is largely self-explanatory and illustrates the 
magnitude of the foreman’s tasks in spite of the various staff and func- 
tional aids that have been provided. 

Some of the specific factors in which the supervisor represents manage- 
ment to the men are: (1) wages, (2) promotions, (3) assignment to a 
specific job, (4) safety, (5) laj'offs and days worked, (6) recalls, (7) 
merit rating, (8) instruction on the job, and (9) working conditions. 

The effect of the supervisor's attitude on his men. To a large degree 
the men reflect the attitude of their supervisor j and he sets the example 
for the feeling that the men have toward their jobs, their department, and 
their company. It cannot be said too often or too emphatically that to 
the men the supervisor is in a large measure the company. It is easy for 
the supervisor to forget this fact and represent himself, his attitude, and 
his feelings, rather than the company. Modern management strives to 
develop a working force of satisfied employees, and, in general, policies 
are directed to this end. Only when the supervisor recognizes his respon- 
sibility impartially to represent management to the men and carries out 
this responsibility to his fullest capacity can the company expect to have 
satisfied employees. 

The supervisor has definite means at his disposal to meet this responsi- 
bility. First and foremost, the supervisor must set a good example, show- 
ing in his actions and his talk that he believes in the aims and the policies 
of the company and follows them as they are laid down. The supervisor 
who carries out the orders of management promptly and properly is set- 
ting a good example and is leading his men and his department toward 
cooperation with other departments and coordinating his*' department’s 
work with the larger operations of the company. The supervisor repre- 
sents management properly when he interprets orders to the men clearly 
and simply, giving explicit information about their work. When changes 
are made in methods, product, operations, or policies, the supervisor who 
is doing a good job in representing management carefully explains to the 
men, as far as possible, all the reasons underlying the change. In repre- 
senting management it is always well to remember that the men want 
to know not only the what but also the why of a change in policy. The 
supervisor of today will do well to remember that the work group has 
undergone a change during the past twenty years. The men are, in many 
cases, younger^ in years but more mature in outlook. They are defi- 
nitely better educated. Twenty years ago the high-school graduate 
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seldom entered the factory. Today the high-school graduate is found 
everywhere. The men are anxious to advance and with this aim in mind 
are studying their jobs, other jobs, the supervisor, and the company as 
a whole. Men today have a questioning attitude and seek the company 
and the work environment that they feel will satisfy them. In general, 
they are open-minded and willing to be convinced, but they must be 
^^sold^^ by facts. The supervisor who is successful today bases his actions 
with his men on facts and utilizes these facts in leading his men to the 
combined objectives of the company, the department, and the individual 
employee. 

The need fm a balanced relationship. The foreman is hired by man- 
agement and, as an employee of management, is naturally expected to 
represent its interests. Since the foreman's personal success is largely 
determined by the performance of the employees under his supervision, 
he is also charged with the responsibility of looking after their interests. 
This dual relationship requires a very high type of discrimination on the 
part of the foreman in order to discharge his responsibilities equitably to 
management and to employees, yet in the final analysis he is unfair to 
both parties if he unwittingly or otherwise fails to render justice to 
either one or the other. For instance, should the foreman, because of a 
special bias for management, fail to be fair in Kis treatment of his men, 
he is only piling up ill will and at times concealed grievances, which usu- 
ally in the long run cost management much more in the form of strikes, 
restricted production, and large labor turnover than do the short-run 
gains. Viewed from this angle, the foreman is failing in his responsi- 
bilities to management as well as to the workers. The reverse situation 
is also true. Should a foreman fail to give management a square deal in 
production output or quality because of a misguided philosophy, he is 
working a long-run hardship on his men, for such conditions lead to an 
unfavorable competitive situation for the products of the manufacturer 
in the market (unless a monopoly prevails) , which will reflect unfavor- 
ably upon the security of the workers’ jobs. No person in large-scale 
industry exerts a more far-reaching influence upon the management-labor 
relationship than does the foreman. To many workers the foreman is 
management, or at least the only authoritative representative of manage- 
ment that they know. 

There are well-defined practices that the supervisor may follow in 
keeping to the middle path of balance between the men and management. 
These practices include: (1) avoiding prejudices and striving to develop 
a judicial attitude in all matters where there is a conflict in interests, 
(2) continuously studying his men, (3) knowing the company policies, 
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(4) encouraging good will by manifesting it himself, (5) leading in team- 
work, and (6) practicing loyalty. 

As a group, modern foremen arc technically skilled in the mechanical 
processes. Many of them have served as workmen in the departments 
which they supervise. It might reasonably be supposed that they have 
the viewpoint of the worker. As far as the worker^s reaction to turning 
out units of production is concerned, this supposition is undoubtedly true. 
When it comes to methods of supervision, however, foremen tend to fol- 
low the practices used by their supervisors when they were workmen. 

Some practical aspects of foremanship. Often foremen are not emo- 
tionally stable in certain aspects of their personalities, and frequently 
they suffer from inferiority complexes. This feeling of inadequacy may 
be concealed under normal relationships but become active when the 
men are faced with responsibility and authority. The result is an ob- 
noxious display of authority to cover up the real inner feelings. A man 
possessing ability, confidence, and a knowledge of the principles of leader- 
ship will studiously avoid all displays of authority and will use it spar- 
ingly. When a foreman has to fall back on his authority to get a thing 
done, he may be sure that his real leadership is being questioned. 

In personal contact with his men the foreman should be perfectly nat- 
ural. He should avoid undue familiarity, yet not give the appearance of 
“stand-off-ishness,^’ This is especially true of the young foreman who 
may have many men in his department who are older than he is. The 
foreman may well show a personal interest in his men but must avoid 
prying into their private affairs. 

Under most unexpected circumstances a foreman will have his sense 
of fairness questioned. Every semblance of partiality should be avoided. 
Such items as fraternal allegiance, church membership, and nationality 
preference may easily give rise to an unfounded charge of favoritism. 
It is hazardous to have only two nationality groups or fraternal groups 
in a department, particularly if the foreman belongs to the predominant 
group and the other group is large but in a minority. If such a situation 
exists, the foreman should urge the employment department to make 
most replacements from a third group until a better balance is obtained. 
Nepotism gives rise to charges of favoritism that no foreman can easily 
overcome. 

Authority and responsibility. Sound organization requires that a fore- 
man be clothed with authority commensurate with his responsibility. 
Any other situation not only tends to destroy the effectiveness of the 
foreman but also weakens the morale of his entire department. A few 
men are not temperamentally suited to be invested with authority. 
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The foreman's position in the organization implies that he is respon- 
sible for the conduct of his department. To be known as a real leader 
he must willingly assume this responsibility in stormy weather as well 
as in calm. The foreman cannot shift the responsibility to the shoulders 
of his subordinates, for he is responsible for their performance also and 
has failed in the discharge of his duties if he has not followed through to 
see that his department as a whole has functioned properly. The foreman 
who frankly assumes the responsibility for his department and gives 
credit to his men for successful performance places himself in an advan- 
tageous position for leadership. 

In connectisn with the foreman's discharge of his responsibilities, a 
condition is arising in industry that has not as yet been satisfactorily 
solved. It is the tendency of labor leaders to by-pass the foreman and 
superintendent and ta go direct to the top management with their prob- 
lems. This situation has been complicated by top management's failure 
to take the foreman completely into their confidence regarding the de- 
tails of these conferences with the representatives of labor. As a result 
the position of the foreman has been weakened without his being relieved 
of his responsibilities. As it stands, the situation in many instances is un- 
tenable. 

One step to strengthen position of the foreman has been management's 
consulting with him, before beginning negotiations for a new contract, 
in order to secure his opinion of how the current contract has worked. 
A second step has been the requirement that the foreman be given the 
first opportunity to handle a formal grievance. A third step that will 
correct the situation is for management to give important information to 
the foreman as quickly as the union gives it to the workers. This is not 
always easy to do, but it is possible if enough energy is put behind it. 

Promotion of cooperation by the foreman. Cooperation within the de- 
partment usually reflects the attitude of the head of the department. If 
the foreman would receive cooperation from others, he himself must give 
it freely. The foreman who strives to aid his men in the realization of 
their personal objectives may reasonably expect cooperation from them. 
When a foreman realizes that he cannot offer merited promotion to one 
of his men because there is no vacancy in his department and goes out of 
his way to aid this man to get promotion elsewhere in the organization, 
his workers will soon learn of it with a resultant rise in morale. On the 
other hand, should a foreman block the transfer of one of his men to a 
better position in another department because he does not want to go 
to the trouble of training another man, it will be difiicult to keep this 
information from the men, with a resultant attitude of ^‘What's the use 
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of trying, anyway.^^ Interdepartmental cooperation is merely an exten- 
sion to other departments of the attitude existing within one. 

Mass production demands complete cooperation between departments 
in the processing and moving of materials from department to depart- 
ment as rapidly as possible. In such an industry the supervisor must see 
that as rapidly as his department finishes work on the product it is 
moved without delay to the next department. On the other hand, he 
must be certain that the material he moves passes inspection and will 
be satisfactory for use in the next department. If staff departments, 
such as production-control or inspection, are working with the super- 
visor, he must give them his fullest cooperation in making their work 
effective. In this respect he is again cooperating with the departments 
following him because these staff departments must service the product 
before it can leave his department. When unavoidable shortages of men 
occur or overloads on departments develop, the supervisor may be called 
on to lend men to other departments. In such instances the supervisor 
cannot send his least capable men, for, if he does, he can expect retaliation 
when it becomes necessary for him to borrow men because of shortages 
or other difficulty. The wise supervisor soon learns that he gets only what 
he gives, that cooperation is a two-way process. When the men see that 
the supervisor willingly cooperates with other departments, they will 
usually cooperate with him. 

The foreman and the National Labor Relations Act. The foreman is 
considered by the National Labor Relations Board to be a representa- 
tive of management as far as his actions relative to his men^s member- 
ship in a labor organization are concerned.® The only safe policy for the 
foreman in respect to the union membership of his men is strictly ^^hands 
off.’^ 

Aside from any action of the foreman that may be interpreted as inter- 
fering with the free choice of the worker of union membership, the fore- 
man may do anything that he could before the passage of the act. He is, 
however, under the responsibility of guarding his actions so that they 
may not be misinterpreted months later by an inquiring representative 
of the National Labor Relations Board. Consequently the foreman 
should make more records of the causes for his actions than he formerly 
did. A failure to make accurate records with names of witnesses and 
causes for action may become exceedingly embarrassing later. The fore- 
man must studiously avoid any discrimination among his men because 
of union membership. When he is in a position to demonstrate that he 

3 See Russell L. Greenman, The Worker, the Foreman and the Wagner Act, Harper 
and Brothers, New York, 1939, pp. xiii-xvi. 
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has so acted, he may continue to run his department along as sound 
managerial lines as formerly. 

For several years an argument has been raging regarding the advisa- 
bility and right of foremen to be members of a union themselves and to 
engage in collective bargaining with management. For many years some 
foremen in the skilled trades have been members of the same union as 
their men. In mass-production industries foremen have not been active 
in unions of their own or of their workers. As a whole, management 
prefers to deal with its foremen as management’s representatives and 
finds it difficult to see how a foreman can owe allegiance to a union and 
at the same iiwe represent management in dealing with the same or other 
unions. As our book goes to press, the National Labor Relations Board 
has recognized the right of foremen to belong to unions of their own choice 
should they desire to-do so. Relatively few foremen, however, have sig- 
nified any special interest in union membership. If management treats 
its foremen as a part of management, the unionization of this group is 
not likely to spread. 
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ORGANIZED LABOR AND MANAGEMENT 

The personnel director and collective bargaining. The National Labor 
Relations Act of 1935 definitely establishes the right of workers engaged 
in interstate commerce to collective bargaining with their employers 
through representatives of their own choosing. By the broad interpre- 
tation of ^‘interstate commerce^^ most industry comes under the provisions 
of the act. Organized labor grew gradually in strength during the thirties, 
but its development during World War II was almost phenomenal. Even 
the most biased advocates of unionism can no longer talk about the weak 
position of labor at the bargaining table. 

In view of the widespread acceptance of collective bargaining it is but 
natural that the personnel division should become involved. Many com- 
panies call their personnel division the industrial-relations department 
or division. In some cases this practice has come to signify that or- 
ganized labor contacts are included among the varied functions of the 
personnel division. 

It is difficult to generalize concerning the part that the director of per- 
sonnel or industrial relations should play in organized labor-management 
relations. There is little doubt that the personnel director should take 
an active part in trying to make a union contract work. He is nearly 
always one of the persons to whom appeals are made in the course of 
handling grievances and is frequently the chairman of the Appeals Com- 
mittee, the last step in the grievance procedure before the final appeal to 
top management. 

It is highly important that the contract should be clear in regard to 
all details covered. The personnel manager strives as far as possible to 
adhere to the spirit of the contract rather than technicalities and so ad- 
vises both management and the union. On the other hand, he should 
studiously avoid being a party to amending the contract through the 
grievance procedure. One of the favorite tricks of aggressive union lead- 
ers is to sign a contract and then strive by interpretation and grievance 
procedures to modify it so that it becomes the one they wanted in the 
first instance. Such amendment, on the part of either the management 
or the union, is a very poor practice. Both parties should strive to live 
up to both the spirit and the letter of the union contract. 
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Should the personnel director or his representative negotiate the union 
contract? Since wages are a primary part of any union contract and are, 
in most instances, one of the largest elements in costs, the union contract 
should be negotiated by a representative of operating management. The 
union contract sets a basic policy in terms of costs. The operating man- 
agement may determine certain limits within which the wage level may 
be permitted to fluctuate and delegate to the personnel director the re- 
sponsibility for negotiating the contract within the established policies. 
Such a procedure relieves top management of a laborious, time-consuming 
detail but does not encourage real collective bargaining, since the union 
leaders soon^cognize that the personnel director’s authority is limited. 
It must be frankly admitted that some top-management men are not 
qualified by temperament or experience to engage in collective bargaining 
with the skilled unioi), negotiator. In such cases it is imperative that the 
personnel director or some other representative serve instead of the oper- 
ating manager. Nevertheless, contract negotiation is a top-management 
job, and the responsibility for it rests squarely upon top management. 
When the personnel director performs this function, he should be given 
the rank of a vice-president of the company, for prestige in dealing with 
the union if for no other reason. One other fact should be remembered: 
the director of personnel is not in so impartial a position to aid in making 
the contract work if he negotiates it. For this reason and others some 
large companies have established a separate labor-relations department 
which negotiates union contracts and reports to the general manager. 
This is usually a small department, since the volume of work is not large, 
even though very intense for a period. Of course in many cases operating 
management negotiates the contract with the consultive advice of the 
director of personnel. 

Working with the union. On the assumption that a given union or 
several unions have been recognized as the representatives of the workers, 
and a duly signed contract is in force, what is left to be done? The con- 
tract usually establishes the wage level or brackets, but frequently dis- 
cretionary decisions must be made. There are also many subjects, such 
as safety, suggestions, waste reduction, quality of product, apprentice 
training, recreational activities, medical service and first aid, cafeteria, 
and similar activities, that may be handled solely by management or 
cooperatively with the union representatives on an informal basis, even 
though they are not included in the contract. If the company has prac- 
ticed cooperative supervision of these activities, it is likely to continue 
to do so, provided that the organizing campaign has not developed undue 
bitterness. Many of these items are handled cooperatively in companies 
that have had long experience in union-management relations. The gen- 
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eral attitudes of the union and of management largely control the extent 
of this collaboration, particularly true in connection with waste reduc- 
tion, methods improvements, suggestions, worker efficiency, and similar 
matters. It will be well to examine some of these traditional attitudes, 
since the present is largely an outgrowth of the past, particularly in re- 
spect to sentiments concerning the restriction of production. 

Managements attitude. Before the National Labor Relations Act (the 
Wagner Act) was passed, employers as a group in most large-scale mass- 
production industries were actively opposed to collective bargaining with 
an outside labor organization. Until April 12, 1937, when the Supreme 
Court upheld the constitutionality of this act, there was much opposition 
to bargaining with labor unions, although a few key industries, such as 
some of the automobile manufacturers and big steel companies, had 
signed contracts with affiliates of the C.I.O.^ In those industries which 
are sufficiently organized to support trade agreements, it has been seen 
that organized labor and management are now operating at the individual 
plant level with relatively little friction. When the annual contract 
comes up for renewal, such as in the bituminous coal industry, the entire 
industry may be shut down until the terms of the contract are settled. 

Anyone who has attended management meetings for the past ten years 
cannot fail to be impressed by the change in attitude of managers toward 
collective bargaining. Before the approval of the National Labor Rela- 
tions Act by the Supreme Court most managers in mass-production in- 
dustries definitely preferred to deal with their employees on an individual 
basis or with their employees^ representatives from within the company. 
The National Labor Relations Act encouraged the development of unions 
whose membership was not confined to an individual plant or community. 
Respect for the court^s decision has contributed greatly to the changing 
attitude of managers whose sentiments had been built up over years of 
operations. The cynic may retort that managers had to comply with the 
court’s decision. This, of course, is true, but it alone does not account for 
the basic change in managerial attitude. Although most managers may 
still prefer to deal with their own employees, they have entered whole- 
heartedly into collective bargaining with unions of their employees’ 
choice. Some managers prefer to deal with a responsible national union 
rather than an independent company union. 

One must never construe a manager’s failure to acceed to an excessive 
union demand for wage increases that will force up prices as an unwil- 

1 Congress of Industrial Organizations, formerly Committee of Industrial Organi- 
zation, is a federation of industrial unions in contrast to the A. F. of L., which is com- 
posed largely of craft unions. 
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lingness to bargain collectively. The demands for a 30-per-cent wage 
increase that resulted in a wave of strikes in 1945-1946 were resisted on 
this basis. An increase of a little over half the demand resulted in sub- 
stantial price rises all over the nation. In analyzing union requests and 
managements^ responses moderation is needed in fixing the blame for 
strikes. It is perfectly natural for a union in one industry to try to get 
a larger share of the total national income, even though its action di- 
rectly increases the price of the commodity to the public. This was the 
situation in the coal strike of 1946. On the other hand, it is equally to 
be expected that management will consider the economic results of in- 
creased costa^particularly when there are substitutes for its product, such 
as oil and gas for coal. 

Early organized labor’s reaction to scientific management. The early 
opposition of organised labor to modern management's principles and 
devices was based partly on economic principles, since repudiated, and 
partly on a misunderstanding of its basic concepts, arising out of the im- 
proper wording of the first scientific-management writings. Notwith- 
standing his many denials, it is probable that most union leaders who 
were contemporaries of Frederick W. Taylor thought that he was an 
enemy of unions. In Taylor^s day many unions favored restriction of 
output, a concept to which Taylor’s whole life was opposed. Today many 
groups in organized labor in the United States agree that in increased out- 
put lies the opportunity for higher wages. 

It was probably due to the fact that scientific management first de- 
veloped in unorganized trades that union leaders of the time feared it 
and endeavored to destroy it. They particularly attacked time study as 
the device which they claimed was symbolic of the attempt of scientific 
management to destroy skill and initiative. Against time study organ- 
ized labor made a great drive in Congress in 1912 at the hearings before 
a special committee of the House of Representatives ^^to investigate the 
Taylor and other systems of shop management.” Stop-watch time study 
had been adopted in the arsenals of the Army Ordnance Department 
through the leadership of General William Crozier, Chief of Ordnance. 
It is probable that more persons were working under rates set by time 
study in the government arsenals in 1912 than in any other enterprise. 
It was the example of the use of the stop-watch in the new and unorgan- 
ized automobile industry, however, that led the unions to try to destroy 
its use nationally by prohibiting it in government work. 

It was during these hearings that Taylor was put on the stand and 
said: 

Do not understand for a minute that I am opposed to trade unions. . . . 

I am in favor of them. They have done a great amount of good in this country 
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and in England ; I am heartily in favor of those elements of trade unions which 
are good. ... I believe that the unions are misguided in a few respects. . . . 
One of the worst principles of the trade unions ... is that it is to their interest 
to deliberately, purposely work slow” instead of working fast, with the object 
of restricting output. 

Taylor^s attitude of yesterday has become the attitude of enlightened 
union leaders of today. It will be observed that this last statement em- 
phasizes enlightened leadership. Unfortunately all union leaders, as well 
as managerial leaders, are not enlightened. There still are many cases 
of deliberate restriction of production or output. 

Labor’s attitude concerning time study. In 1912, under the pressure of 
labor-union lobbying, Congress wrote into an appropriation bill a pro- 
vision that forbade spending of federal funds for time study in certain 
governmental departments. This opposition to motion and time study 
still prevails in large segments of organized labor, but it is by no means 
universal. Several unions have used the technique of time and motion 
study as an aid in fact finding to strengthen their position in collective 
bargaining; some unions maintain industrial-engineering departments to 
represent them in establishing standards for piece work or to aid an em- 
ployer who is having trouble in meeting competition. The Amalgamated 
Clothing Workers have an excellent industrial-engineering department. 

The published attitudes of three unions regarding scientific manage- 
ment techniques in summary form are given below: 

1. The Steel Workers’ Organizing Committee in Publication No. 2, 
Production Problems (1938), p. 10, states its position as follows: 

There is often dispute between management and men as to what is a fair 
day's work. Men may complain of speed-up. The management charges that 
the men are lying down on the job. The way to settle this kind of dispute is 
to set production standards by agreement. 

How is this done? First make sure that tools, materials and work are 
assigned so that work flows through the shop with little interruption. Then 
take a man doing a given operation and tell him to work at his ordinary 
speed, without soldiering on the job, but still in a way that is not too fast to 
keep up without strain or fatigue. A representative of the union and a rep- 
resentative of the management should watch him and measure his speed. 
There are various ways of doing this that provide the required accuracy and 
precision.^ There should be agreement about the results by both sides. Ob- 
servation may be repeated several times, or made for a number of men doing 
the same job. On the basis of the records obtained, and after consultation 

2 Those familiar with these methods recognize time study by the use of a watch 
or by the use of a motion picture as two of the most practical methods. A third 
method is the use of elemental times if they have been accumulated. (This footnote 
is the author's and not a part of Publication No, 2, Production Problems) 
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with those doing the work, it may be agreed how long it ought to take to do 
the operation in question, and how many times it ought to be done per hour 
or per day. Such an agreement then is adopted as the production standard 
for the job in question. . . . 

2. Emil Rieve, president of the American Federation of Hosiery Work- 
ers, writing in the February, 1939, issue of Labor Information Bulletin, 
p. 6, states: 

One of the most important features in the union’s agreement with the Full- 
Fashioned Hosiery Manufacturers’ Association has been the operation of an 
impartial adjustment machinery. The impartial chairman who is selected by 
the union aHH representatives of the manufacturers, handles all grievances that 
cannot be satisfactorily settled by direct negotiation. He is also responsible 
for making wage studies and for helping to fix wage rates as new technical 
developments occur 'm. the industry. Wages are based upon complicated piece 
rates which vary with the skills required, speed of machines, amount of hand 
labor involved, quality of silk, and numerous other factors. 

3. Anne Gould of the International Ladies’ Garment Workers’ Union 
in an article entitled ^Tixing Wage Rates in New York Dress Industry,” 
in the April, 1938, issue of the Labor Information Bulletin, p. 2, reports: 

Several years before the old agreement expired the Dressmakers’ Union hired 
a number of industrial engineers to study the labor factor of the industry with 
a view to reduce the various jobs involved in making dresses to measurable 
units. This study resulted in the unit system, which is a method of expressing 
the average time required for each operation in the making of a given dress. 
By this method the job-time units for certain operations which are common to 
all garments have been established. The unit system is today used as the 
yardstick by which piece rates are determined because the tremendous style 
variability makes standardized piece rates impractical. 

It is evident that there are some marked contradictions among labor 
leaders regarding the use of the tools of scientific management. The ob- 
jections of labor to time study may be classified under these main head- 
ings: objection because of its effect on the status of the individual workers, 
objection because of its effect on basic union policies, and objection be- 
cause of defects of method. 

The traditional opposition voiced by some unions to motion and time 
study. It has been pointed out by many workers that to take time studies 
is, in a sense, evidence that management is suspicious of the good inten- 
tions of the employee to turn out a fair day’s work. It is contended that 
management would never think of taking time studies of executives in 
the performance of their jobs, but that more opportunity is usually af- 
forded for improving their output than for increasing that of the worker. 
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The answer to this objection, as to most others, depends on the methods 
of taking the study, the extent of cooperation of the worker himself, and 
the benefits which the worker receives. 

It is also pointed out that time study is destructive of the worker^s 
skill, inasmuch as it substitutes the skill of the management for the 
acquired trade skill of the worker. Not only may this situation result 
in the degradation of the worker, but also it is to be questioned whether 
it is desirable from the broad social standpoint to allow one small class 
in the industrial community to have all the knowledge concerning how 
jobs should be done. It is pointed out that, after job studies, workers 
must conform to the methods of others. Of course the answer is that, 
although it is true that all workers are taught the one best method known 
at the time, it is not true that they are prevented from improving upon 
this method; rather, they are encouraged to do so. 

It has frequently been said that, although rates under job study may 
be guaranteed, time study becomes a method of cutting wages. The 
reasoning is that the reservation is always made, when guaranteeing 
wage rates, that a change in the method of operation may result in a 
change in the rate. Since the method is so clearly and closely detailed 
by the result of job study, it becomes exceedingly simple to change the 
operation in some slight degree. This change may be brought about 
because workers may have been getting high wages through close appli- 
cation to their work under the assurance that rates would not be cut. 
If the operation is slightly changed and the new rate which is set is suf- 
ficiently below the old one it will be necessary for the worker to apply 
himself at the same pace in order to receive considerably lower wages. 
Again, the only answer which can be made to this objection is that 
management should be as honest in setting standards of production as 
in establishing standards of quality. As a matter of fact, management 
frequently overlooks a series of improvements, each small within itself 
but cumulatively resulting in a changed condition, that enables the 
worker to increase production as much as fifteen or twenty per cent \\|^h 
no increased effort. This practice is misguided. Standards should Ibe 
carefully kept up to date at all times, but there is absolutely no pllce 
in scientific management for any questionable practices. 

Time studies do not develop class consciousness. Traditional tr^e 
unionism is based on the idea of the development of class consciousilfess 
among workers. It is alleged that this attitude is necessary in order to 
combat the superior economic position of employers, particularly organ- 
ized employers. Time study, which' results, to an extent, in competition 
among the abilities of the individual workers, naturally has a tendency 
to break down this class consciousness, particularly since the rates based 
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on time study ordinarily are piece rates or some variation of them. 
Traditionally unions in general have not been very favorable toward 
piece rates or incentive systems. As has been pointed out, however, 
there have been some very successful unions that have adopted piece 
work as their system. 

It is probably true that a study of jobs within an organization has a 
tendency to knit the organization into a unified whole of management 
and workers, all striving to improve the general condition of a particular 
plant rather than of any specific group in industry as a whole. In so far 
as this is true, it is but natural that organized labor should look with 
some degreft^ii alarm upon time study, particularly since this situation 
is contrary to one of the basic ideas behind the development of unions. 
On the other hand, the adoption throughout an industry of standardized 
piece rates, as in thie International Ladies’ Garment Workers’ Union, 
builds up the same unity among the group as the flat day rate and pre- 
vents to an even greater degree exploitation by a few employers. 

Union advocacy of low production costs. There is an increasing tend- 
ency for intelligent labor leaders to advocate efficiency in production to 
make possible the lowering of costs and prices. William Green has said: 

Labor realizes that the success of management means the success of labor. 
For that reason labor is willing to make its contribution to assist management 
and to bring about the right solution of problems dealt with by management. 
. . . Management is understanding more and more that economies in produc- 
tion can be brought about through the cooperation of labor and the establish- 
ment of sound labor standards rather than through autocratic control and the 
exploitation of labor. Labor is understanding more and more that high wages 
and tolerable conditions of employment can be brought about through excel- 
lency in service, the promotion of efficiency, and the elimination of waste. ^ 

Edward T. Cheyfitz, National Chairman of the Casting Division of 
the C.I.O. Mine, Mill, and Smelter Workers, writing in the December, 
1944, issue of Fortune under the title ''More for Less,” stated: 

The test of union survival, and for that matter the survival of our nation as 
presently constituted, lies in the momentous question as to whether in postwar 
America management and labor can find a common ground. That common 
ground lies in jointly pursuing the high road of production. Labor unions are 
here to stay if they realize that they must fit themselves into this general pat- 
tern. Progress and high productivity will be synonymous in our postwar so- 
ciety. Apply this to labor’s job, and it resolves itself into a positive stand by 
labor for "no shackles on production.” The future of American unionism can 
be assured by its support of industrial efficiency. 

® William Green, President, the American Federation of Labor, "Labor’s Ideals 
Concerning Management,” Bulletin of the Taylor Society, Vol. X, No. 6. 
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There is not the slightest question regarding the sincerity of Mr. Green 
and other labor statesmen. The tragedy is that at the work level, where 
increased efficiency is achieved, these statements are accepted for the 
other fellow, but not wholeheartedly by the particular group. For in- 
stance, in Mr. Green’s own A. F. of L., the building trades unions are 
notorious for their opposition to the introduction of scientific-manage- 
ment procedures that would increase production. The Railway Brother- 
hood likewise is noted for “feather-bedding.” An occasional union leader 
at the local level speaks out in favor of a full day’s work for a fair day’s 
wage. Such incidents are heartening, but they do not by any means 
represent the prevailing situation. It is easy to understand that workers 
fear losing their jobs when fewer men are required to do the same work. 
It is difficult for workers and many others to take the broader economic 
and social view that the production of more goods at a lower unit cost 
will raise the standard of living of all persons. Most of the marked 
improvements in production have been made by management. The 
unions are in a position to make outstanding contributions in this field 
if they can get the statesman-like attitudes of their top leaders to func- 
tion at the work level. Forebearance instead of name calling is needed 
to enlist the cooperation of the men who do the work. Employment- 
stabilization programs in those industries that can inaugurate them will 
remove some of the causes of the general fear behind the hesitancy of 
worker groups to increase efficiency. It should not be concluded that 
no improvements come from the workers. Many of them do originate 
with individuals, but this is quite a different matter from organized group 
action to achieve the same purpose. On the other hand, there have been 
effective union efforts toward waste reduction and increased productivity. 
It must be borne in mind that there is not one union but many unions, 
each largely governing itself. 

The National Labor Relations Act and the worker. The main objective 
of the National Labor Relations Act, after being stripped of all surplus 
verbiage, is contained in its statement of purpose: it is the guarantee to 
the workers of the right to organize into groups of their own choosing 
for collective bargaining. In this respect the act gave the workers noth- 
ing new. It did, however, provide them protection against discharge as 
a result of exercising this right to membership in a union. Under the act 
an employee is protected against discrimination because of his union 
membership. He is further protected from the annoyance of any attempt 
by the employer to influence his choice of union. The act does not pro- 
tect an employee from annoyance, intimidation, or violence from a par- 
ticular union seeking his membership or dues. 
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As the act was formerly interpreted, the employee was denied the 
counsel of his employer regarding a union should he seek it during an 
organizing campaign. On the other hand, recent decisions of the Supreme 
Court have restored to the employer certain freedom of speech that 
formerly was definitely denied him by the rulings of the National Labor 
Relations Board. The individual employee has practically no rights 
under the National Labor Relations Act unless he is a member of the 
majority bargaining group. Section 9a states in part that . . any 
individual employee or group of employees shall have the right at any 
time to present grievances to their employer.” The Supreme Courtis 
decision in^iie Hughes Tool Company case reduced this clause in the 
law to an idle gesture when in substance it stated that an individual or 
group could present a grievance but the company could not hear the 
complaint nor decida the question unless the union representative was 
present, provided that he desired to be. The act sanctions a closed shop 
if a majority, acting through their recognized bargaining agency, can 
persuade the management to approve such an arrangement. 

The National Labor Relations Act and the employer. The National 
Labor Relations Act, sometimes called the Wagner Act, was designed to 
protect the employee in his right of collective bargaining. It confers 
no rights upon the employer ; however, it takes away from him no rights 
that he should have ever exercised from the standpoint of long-run indus- 
trial statesmanship or social and economic well being. 

It should be noted that the limitations on the employer's acts apply 
only to those activities that may be interpreted as having a bearing upon 
union membership or collective bargaining. The employer is required to 
bargain in good faith with the union that represents his employees, but 
there is no similar requirement that the union bargain in good faith. It 
may be argued that the union always bargains in good faith, but experi- 
ence during World War II and under the Railway Labor Act has defi- 
nitely demonstrated that such is not always the case. The employer is 
helpless when two unions are fighting for the membership of his em- 
ployees. His plant may be shut down by such a struggle. Even though 
the National Labor Relations Board certifies one union, the loser may 
picket the plant. The employer also has no recourse in a secondary 
boycott. 

Under the act the employer still may hire any man of his choice (pro- 
vided that he does not have an agreement with the union to the contrary) , 
promote the man he desires, or discharge a man for cause— other than 
union membership. In other words, under the National Labor Relations 
Act itself, the employer is restricted in no activities other than those 
affecting collective bargaining. In the board's efforts to make the law 
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effective it has gone to some extremes that do not seem necessary, even 
to many friends of the act. The Supreme Court reversed the order of 
the board in the case of the Fansteel Metallurgical Corporation, when 
the board sought to force the company to rehire some sit-down strikers 
who were legally discharged. It is to the credit of the board in this case 
that it did not justify the sit-down strike but claimed the right to take 
the steps it ordered as a method of enforcing the provision of the act 



CHAPTER 46 


EMPLOYEE-EMPLOYER COOPERATION 

Employee-employer cooperation defined. In this chapter cooperation 
between employer and employee is thought of as cooperation over and 
beyond thait required by the formal organizational structure in the 
achievement of the general institutional objectives. This cooperation 
may be at either a formal or an informal level. Participation has meant 
at times a share in the profits of the enterprise, but more correctly, and 
increasingly, it has meant an employee voice in the determination of 
management policies in so far as they affect employee interests. There 
has never been found so great an incentive for carrying on industry as 
private ownership and the mental attitude toward private property owned 
or to be acquired. Employee participation in management seeks to ex- 
tend to all members of the enterprise such a share in its operation that 
the satisfactions of private ownership will be extended throughout the 
working force. It is the hope of the advocates of employee-employer 
cooperation to develop a feeling of oneness, a recognition of mutual inter- 
est, and a desire to carry on which is frequently described as “loyalty 
to one^s own best interest.’^ This is undoubtedly an optimistic approach, 
and the results are seldom fully realized, yet the efforts in this direction 
mark a distinct advance in labor relations. 

Profit sharing.^ The oldest form of employee participation is direct 
sharing in the rewards of the business. In substance this was practiced 
in the days of an agricultural economy when the tenant cultivated the 
soil on the “shares^^ basis. This practice still prevails in our rural sec- 
tions today. Fishermen also share the fruits of their “catch.” In indus- 
try the “sharing of the crop” idea has been supplanted first by a financial 
wage and later in some instances by a wage plus a financial share in 
the profits of the enterprise, either through some developed plan of profit 
sharing or through “melon cutting” at the end of prosperous years, 
^ofit sharing, in its most acceptable form, implies an agreement be- 
tween the employer and the employees, under which the workers receive, 
in addition to their wages, a predetermined share in the profits of the 

1 See Senate Report No. 610, 76th Congress, 1st Session, Survey of Experiences in 
Profit Sharing and Possibilities of Incentive Taxation. 
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undertaking over a given period. Under this form of profit sharing an 
employee knows at the beginning of a year that he is going to secure 
some predetermined share of whatever profits there are at the end of a 
year. 

The distribution of bonuses at Christmas or other times of the year, 
in the attempt to share with employees the profits of the enterprise over 
the period, has not usually proved a successful form of employee partici- 
pation. As a matter of fact, there is serious question regarding the ad- 
visability of giving the employee profit-sharing payments in cash when 
they are substantial. This statement, of course, does not apply to such 
small payments as $25. The employee who receives such payments regu- 
larly soon begins to look upon them as a part of his wage and frequently 
spends them in anticipation of receipt. When profits are not earned and 
hence cannot be distributed, the morale effect is likely to be bad, since 
the employee may have worked just as hard as when he received a sub- 
stantial payment the previous year. A much better policy is to pay 
employees their share of profits in the form of a paid-up annuity. This 
helps the employee build up his estate and will make an income available 
to him when he will no longer be earning wages. It must be clearly 
understood that profit sharing is not a substitute for paying the prevailing 
wage for a particular occupation. 

Profit sharing is often used as a means of arousing the interest of 
workers whose jobs are such that it is difficult or impossible to place them 
upon piece work. Such men are executives, delivery men, men in the 
shipping room, and, at times, salesmen. Then again, by arousing the 
sense of participation, profit shading is frequently used for some specific 
purpose in the business. Thus it may be used to prevent the waste of 
materials, as it is when a concern agrees to split “fifty-fifty” with its 
employees any saving of material which they effect. Many managers 
regard profit sharing as an ideal way to reduce labor turnover, by pro- 
viding that only employees of a certain minimum length of service will 
share, and that these will share in accordance with their length of service. 
Any philosophy of tying profit-sharing to programs that have as an 
objective the weakening of collective bargaining is open to serious ques- 
tion. Labor unions have as a rule not been advocates of profit-sharing 
programs. 

One of the main objections that employers have raised to profit shar- 
ing is that it does not in reality involve financial participation, inasmuch 
as losses are not shared by those who share the profits. This unquestion- 
ably is one of the weaker points in. any profit-sharing plan, but its impor- 
tance varies with the basic thinking which has prompted the plan. Thus 
some employers have come to feel that there is a wage for capital, just 
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as there is a wage for labor, and that, in justice, all earnings above a 
certain wage for capital should be distributed between capital and labor. 
Under this assumption there would be no cause for workers to share in 
losses, provided only that some provision were made for their repayment 
before the workers again began to share in the profits. 

Management's objectives in profit sharing may be summarized as fol- 
lows: 

1. To promote individual efficiency. 

2. To promote general efficiency. 

3. To develop a waste-elimination consciousness. 

4. To encoura^ managerial efficiency. 

5. To develop a proprietary attitude on the part of employees, thus contributing 
toward the preservation of pHvate capitalism, since a worker will not be likely to 
embrace an “ism” that takes away from him his own rights in private property. 

6. To provide a measure^of security for employees. 

7. To reduce labor turnover. 

8. To foster industrial democracy. 

9. To encourage mutual cooperation and understanding between the employer and 
employees. 

Employees’ reactions to profit sharing. Since practically all profit- 
sharing programs have been initiated by management, the question nat- 
urally arises: How do the employees feel toward profit sharing even 
before having tried it out? In order to test the sentiment of labor con- 
cerning this subject, questionnaires were mailed to a large and representa- 
tive number of employees of each of 104 industrial plants throughout the 
United States, employing, in all, approximately 90,000 men, none of the 
establishments having a profit-sharing plan in operation. 

The replies indicate conclusively that the workers, far from being 
opposed to profit sharing, are strongly in favor of it and that the major- 
ity have some appreciation of the problems of capital and desire to be 
fair and reasonable. The responses also indicate that a large portion of 
labor is more interested in providing for the future than in having the 
funds available for immediate disbursement.^ 

Employee stock ownership. The investment of profit-sharing funds in 
stock of the corporation has in the past been one of the more usual fea- 
tures of profit-sharing schemes. Such a program leads to direct partici- 
pation in management. Any such plan should be carefully guarded and 
explained to employees concerned, particularly as regards a possible de- 
cline in the market value of the securities. Furthermore, unless the num- 

2H. R. Rietz, Vice President, ILG. Electric Ventilating Company, quoting the 
Senate committee investigating profit sharing in the United States, in a speech before 
the Industrial Management Society, April 7, 1939. 
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ber of shares which a given employee may own is considerable, the plan 
tends to become one for investment of the surplus funds of the employee, 
rather than of participation in management. This fact is indicated by 
the tendency of employees to sell stock, if it is in their control, when the 
market begins to decline. A serious objection to worker ownership is 
the fact that it frequently operates in direct opposition to security.® If 
the worker is laid off for a long period because of reduced production, 
this layoff will usually happen at a time when the value of his stock is 
declining, as well as during a period when the dividend return is low. 
Such a procedure also lacks the desirable characteristic of diversity. 

The foregoing statements lose some of their force if the stock is given 
to the employee outright as a part of a profit-sharing program with the 
understanding that it is to be held as a long-run proprietary interest in 
the company. Some people have advocated the issuance to employees 
of special nontransferable stock that has all the rights of common stock 
save transferability. Under such a system, if an employee retires, he is 
permitted to exercise the option of exchanging his stock for regular com- 
mon stock or selling his stock to the company at the current market price. 

Stock-ownership plans are more successful as means of participation 
among salaried officers than wage-earners, as the officers are usually bet- 
ter able to understand the benefits of ownership and are usually in a 
position to own sufficient stock to arouse their enthusiasm for the scheme. 

Employee representation — ^works councils. The objective of employee 
representation is to substitute cooperation in operations for the antago- 
nism that has frequently arisen in employer-employee or management- 
employee relationships. Frequently cooperation can be achieved without 
employee representation, but this relationship is presumed to furnish a 
condition wherein cooperation is promoted on both sides. Usually co- 
operation follows when management shows the representatives of the 
workers that the employer has the interests of the employees at heart. 
It frequently is necessary for some time to elapse before employees are 
convinced that the employer sincerely desires to work with their repre- 
sentatives. Then a longer time is often necessary, after the plan has 
begun operating, to convince both sides that their interests are similar 
as far as effective operation of the plan is concerned. 

Works councils provide a means for representatives of the employer 
and those of the employees to get together and discuss matters of common 
concern. They are formed on the basis of agreements between an em- 
ployer and his employees and differ from trade agreements or agreements 

3 See Eleanor Davis, Industrial Relations Section, Princeton University, Employee 
Stock Ownership and the Depression, 1933; also Helen Baker, Employee Savings, 
Stock Ownership, and Profit Sharing, 1937, for a detailed discussion of this subject. 
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between an employer or employers in a given industry and organized 
workers within the industry as a whole. Works councils consider ques- 
tions of shop rules and grievances, and in addition they often handle 
matters of efficiency of operation and economies and at times of policies. 
Works councils organized for the first of these purposes are likely to 
develop mutual respect and confidence between the interested groups and 
gradually extend their activities to include the broader economic operat- 
ing phases. 

At professional meetings of management men the question is frequently 
asked, '^How can you have an organized grievance procedure when you 
have no unmn?^’ The works council provides an organized channel 
through which grievances may be brought up and promptly considered. 
For instance, the workers of a given department may feel that the time 
clock is inaccurate or needs repairs, and the foreman may not take the 
prompt action which they think is needed. If the matter can be brought 
before a shop committee or works council, the time clock will without 
question be repaired immediately. 

If the power of works councils is extended beyond mere routine con- 
sideration of rules and grievances, the council, together with the person- 
nel department, may well handle matters of discharge. Rules relating 
to causes of discharge may be formulated by the works council and then 
administered by it. All cases in which, after conference between the 
foreman and the personnel department, discharge has been decided upon, 
can be brought before the works council for consideration upon request 
of the employee affected. Such procedure will do much to make the 
workers feel that they are indeed partners in the enterprise, but never- 
theless this power should be granted the works council only after the 
cooperation of the foremen has been secured, or discipline will be likely 
to suffer. 

When layoff is necessary, the works council can determine most satis- 
factorily just which workers should be affected. Some plants de- 
veloped the idea of presenting to works councils such matters of basic 
policy as the production schedule, inasmuch as this directly affects the 
amount of work to be available. This procedure would certainly not 
be advisable until the works council had been in operation for a long 
time, and an experienced group of workers’ representatives, who could 
appreciate the manufacturing and economic conditions involved, were 
members. Works councils may well consider routine matters relating to 
production, such as quality, salvage of scrap, safety, and general working 
conditions, when there are no grievances or special matters for attention 
at the meetings. To be effective, meetings must be regular, not called 
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at long intervals, and these subjects form a satisfactory fill-in for the 
discussions. 

Types of works councils. The three main types of works councils 
which are utilized are the industrial democracy type, the shop committee 
type, and the company union. The industrial democracy type of works 
council attempts to apply to industrial organization a method of passftig 
laws and settling policy similar to that used by the federal government. 
Ordinarily three bodies are provided as parts of the works council under 
this system. First, there is the House of Representatives, which is com- 
posed of representatives of the workers; then there is the Senate, which 
is composed of representatives of foremen and department heads; and 
finally there is the Cabinet, or representatives of the employer, usually 
major executives. Matters to be settled may be brought up first in either 
the House of Representatives or the Senate, in the form of a bill; after 
the bill has been passed by both houses, it goes for approval to the 
Cabinet, where it may be accepted or rejected. If rejected, it goes back 
to the house which originated it for revision or abandonment. A disad- 
vantage of the industrial democracy type of representation is the lack 
of personal contact between representatives of management and the 
employees. 

The shop-committee plan involves the selection of certain members 
of the works council by the employees and the selection of other members 
by the employer. These members usually sit together, and their decision 
is generally final. If they fail to reach a decision, the plan may provide 
for an appeal either to a major officer of the company or to a neutral 
arbitrator. This close personal relationship between management and 
employee representatives is a distinct advantage over the industrial 
democracy type of representation. Under this plan there may be one 
committee for the whole plant, or there may be departmental committees 
selected by the workers of given departments. Departmental committees 
consider minor matters, such as grievances, with representatives of the 
employer and select workers^ representatives to sit on the works council, 
which is an appellate body for such minor matters and a body of original 
jurisdiction in the more important matters that are considered. 

Operation of works councils. The exact organization, qualification of 
voters, term of office of representatives, number of meetings, and other 
routine matters will naturally vary with the necessities of the particular 
organization and with the desires of those forming the works council. 
There are, however, some general conditions which seem to be tried and 
applicable in almost all cases. Voters for employee representatives fre- 
quently have to be employed by the company for a certain specified 
period, usually about three months. The term of office of representatives 
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is usually a year, with elections held at different times, so that the entire 
committee is not overturned at once. Meetings are held at intervals 
varying from one week to a month. 

Most plans call for an equal division of voting strength between the 
employees and the employer; an exception is the industrial democracy 
plans, where this same feature is provided for in another way. Fre- 
quently it is necessary to pass actions by more than a mere majority 
vote, sometimes by a two-thirds or three-quarters vote. This provision 
promotes permanence in the decision reached, but it also results in a 
certain number of cases not being settled by the works council and thus 
makes impqiJ^ant the final authority. Regardless of the provisions for 
final authority in actions of the works council, it is necessary that the 
general management keep itself informed concerning what is going on and 
take an active interesj^. in the proceedings. Otherwise the works council is 
bound to fail. As a matter of fact, no kind of collective relationship, 
regardless of the form it takes, can relieve management of its responsi- 
bility to provide constructive and inspiring leadership. 

Some managers are afraid of any type of employee representation on 
the theory that they inevitably lead to outside unionization. This will 
undoubtedly be true if work relationships are unsatisfactory, but un- 
satisfactory work relationships always create a fertile field for unioniza- 
tion, works councils or no works councils. 

Many managers liave said that what the worker wants is not a partner- 
ship in the enterprise. What he wants is the certainty of steady work 
at fair wages, with an opportunity for advancement. If he is given this, 
these managers say that the worker makes no demands on them for 
representation or participation in management. If a manager is sure 
of this fact, and if he is conducting his business in a way that attempts 
to make things fair for both the worker and the employer, it is very 
probable that, as yet, it would be unwise to try the formation of a works 
council in that plant and far wiser to continue the broad-minded policy 
of management along the old lines which have proved successful and 
satisfactory to all concerned. 

The future of works councils and company unions. The trend since 
1935 has been away from the traditional works council, composed of 
representatives of both the management and employee groups, to the 
company union made up exclusively of a committee or committees of 
workers. The National Labor Relations Act and its administration have 
definitely contributed to this trend, although a few of the state labor 
relations acts have definitely outlawed the company union. Strong feel- 
ings exist among company union members. Mr. Henry L. Nunn of the 
Nunn-Bush Shoe Company, speaking before the Management Confer- 
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ence, State University of Iowa, March 31, 1939, stated in reference to 
their shop union, “Attempts of the C.I.O. and the A. F. of L. for affiliation 
have always failed. As one C.I.O. organizer said as he emerged from 
a meeting with the workers, not a union there; it^s a religion.^” 
The same statement could be made regarding many of the so-called 
outside unions, or, as their members prefer to call them, “legitimate 
unions.^' 

The Nunn-Bush employees have a union whose membership is confined 
to their own company.^ The company's attitude toward unions is ably 
expressed as follows: 

We believe that Labor not only has the right to organize, but that Manage- 
ment will never succeed in getting the full cooperation of Labor unless it is 
organized. Labor has just as much right to state the terms on which it will 
work with Capital as Capital has to state its conditions. 

When the Nunn-Bush business reached that stage in its development where 
intermediaries between Management and Labor became necessary, we insisted 
on our workers organizing themselves. We adopted none of those questionable 
practices associated with Company Unions whereby Management seeks to con- 
trol the Union. On the other hand, we had no intention of allowing the Union 
to dictate to us and therefore we adopted what we believe to be the only 
satisfactory safeguard — we deliberately surrendered our claim to dictate to our 
workers. This meant giving up many of the so-called “sacred prerogatives'’ 
of Management — the right of arbitrary discharge, the arbitrary settlement of 
hours, holidays, lay-offs, and rates of pay, and indeed everything which affects 
the workers' interests. Under our agreement with the Union all these questions 
became matters which could only be settled by joint agreement, failing which, 
arbitration.® 

Although the old type of works council has largely disappeared, the 
independent company union is a virile organization for management- 
worker cooperation. There is even a tendency to form a federation of 
these independent company unions. The National Labor Relations Board 
will certify the independent company union as the lawful collective- 
bargaining agency. There is no reason, however, why an employer and 
his employees should not have the older type of employee works council 
if they desire it. 

Suggestion systems. One of the oldest forms of cooperation between 
the employee and his employer is the suggestion system. It does not 

^ The Milwaukee plant has an intramural union which is not affiliated with an out- 
side union, but the Edgerton plant has a C.I.O. union. The relations of the company 
to the C.I.O. union have been very pleasant. 

^Nunn-Bush Share the Production Plan, The Nunn-Bush Shoe Company, 1946, 
p. 4. 
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possess the group appeal for collective action that the more formal sys- 
tems of employer-employee cooperation have, but it does serve as a 
medium of communication for employees and management. For instance, 
it is common practice for employees to make a large number of sugges- 
tions concerning restrooms, rest periods, and general working conditions 
during the early days of a suggestion system. This type of suggestion 
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Fig. 46.1. Suggestion blank of the Armstrong Cork Company. 


decreases in proportion to other suggestions as time progresses, yet the 
means always remains for employees to suggest improvements in working 
conditions. Token rewards are usually made for suggestions that only 
improve working conditions. Suggestions that improve eflBciency fre- 
quently are rewarded on some such basis as a percentage of the savings 
for a certain period, perhaps a year. One large company rewards not 
only the man making an accepted suggestion but also all his fellow em- 
ployees who are working on the same job on which the improvement is 
made. 

Figure 46.1 is a form used by the Armstrong Cork Company for use 
by their employees in making suggestions. Similar forms may be used 
with or without the employee’s signature, or the signature may be op- 
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tional. Some employees may fear reprisals from their foreman or fellow 
employees when they make certain suggestions that reduce the amount 
of work needed for an operation or when they criticize working condi- 
tions. Under such circumstances the employee may tear off the num- 
bered stub and file his suggestion, which can then be investigated on its 
merits. Accepted suggestions are published by numbers. The employee 
holding the stub for an accepted suggestion may present the stub and 
receive the award. 

A suggestion system may be used with or without an organized em- 
ployee-employer cooperative program. Careful follow-up by manage- 
ment is required, however, to make it a success. 

Trade agreements. Trade agreements not only provide a minute de- 
scription of basic wages, hours, working conditions, rules, and methods 
of discharge, but also frequently cover methods of performing operations. 
In the settlement of disputes these agreements usually prescribe some 
neutral arbitrator. 

Trade agreements are negotiated through representatives of the union, 
who may or may not be actual workers in the plant or plants which the 
agreement affects, and officers of the plant or of the trade association 
which represents the employers affected. Disputes are ordinarily handled 
by departmental or plant boards on which both the union and the em- 
ployer are represented. They may then be referred to a board for the 
industry as a whole or to a regional board, if more than one plant is 
involved. Finally, some method of arbitration may be provided. 

The future of trade agreements. With experience in their operation, it 
may be confidently expected that trade agreements will become better 
administered in the future. Such improvement will include a broader 
view by the union of the necessities of industrial management and opera- 
tion, particularly in securing economies of production, and a broader view 
by the employer of the aims of the union. Trade agreements, however, 
are applicable only to trades that are highly organized and to plants 
within those trade's where the workers would rather deal through their 
union representatives than directly with employers through works coun- 
cils or some other form of intracompany collective bargaining. In most 
industries the individual plant which maintains the confidence of its 
employees and, particularly, which provides wages and conditions of 
work equal to or better than the union standard, will probably continue 
to operate smoothly and in successful relationship with its employees 
without the use of trade agreements or even without the development 
of any form of works council or union. Such operation, however, can be 
based only on a broad, intelligently developed, basic personnel policy 
which has been formulated squarely on the idea of the development and 
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continuance of good will among the firm, the management, and the 
workers. 

Employees’ reactions to company policies. Regardless of the program 
inaugurated by a company, whether it involves price, quality of product, 
merchandising medium, personnel, or community, there ever remains the 
difiiculty of determining just what the interested persons think of it. 
Management has long sought a method of determining just how the 
employees in general feel toward its policies. The works councils and 
other forms of employee-employer representation plans provide one means 
of exchanging ideas between management and men concerning many 
company activities. Another method of finding out what employees think 
about managewient is the use of questionnaires. 

The Armstrong Cork Company of Lancaster, Pennsylvania, was one 
of the pioneers in the use of the questionnaire technique to determine 
how its employees liked the industrial-relations. program. 

The Thompson Products Company of Cleveland also has successfully 
used the questionnaire to obtain its employees^ reactions to company 
policies. Questions that cover various company policies are given the 
employees to be answered. Questionnaires may be distributed by the 
foreman, representative of the personnel department, or some outside 
agent, such as a consultant or the representative of a university or col- 
lege. The questions may be submitted to employees in groups to be 
filled out at once and to be collected, or they may be mailed by the 
employee to the company or outside agent. Usually the questionnaires 
are not signed. Generally the company publishes quite frankly the re- 
sults of the survey of opinion. Such opinion surveys are by no means 
favorable in every detail to the company, but they afford a means of 
expressing employee approval or disapproval. Provision of this outlet 
usually promotes morale. The weak spots, as disclosed to manage- 
ment, provide a focal point for attempts to make improvements. 
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INDUSTRIAL SAFETY 

The status of safety in industry. Sixteen thousand workers were killed 
during 1945 in the course of their employment. During the same year 

2.000. 000 were injured to the extent of being compelled to lose time from 
work. The direct costs of these deaths and ‘^ost-time accidents” were 
approximately $1,000,000,000; the indirect costs were approximately 
$1,300,000,000. These indirect costs arise from property damage and 
production slowdowns due to absence and lowered efficiency. The direct 
costs to society are made up of compensation insurance, including pay- 
ments and overhead costs, uncompensated wage losses, and the cost of 
medical care. Absence from the job beyond the day of injury totaled 

46.000. 000 man days. An even greater loss was the loss in productivity 
of others near or associated with the injured person. These delays, to- 
gether with the lost time when the damaged equipment was being re- 
paired, totalled approximately 230,000,000 days.^ 

Management is keenly aware of the costs of accidents, as are the 
victims of the accidents. The great problem to be solved is to get the 
individual worker at the point of operations to realize his personal re- 
sponsibility. ^Tn fact it [securing such realization] means the safety 
education of literally everyone who manages, operates, supervises, de- 
signs, or works in any type of industry, manufacturing, trade, service, 
mining, farming, and transportation. Injury prevention must be inter- 
woven throughout all work activities of the nation.” ^ 

The accident-prevention movement. Enlightened employers became 
keenly aware that many accidents were unnecessary and costly about 
the turn of the twentieth century. The passage of various state work- 
men's compensation laws (1910-1925) gave impetus to the activities of 
a few employers. The National Safety Council, Inc., was organized in 
1913 and has enjoyed a long and successful career, holding a position of 
unquestioned leadership in the safety movement. It is financed by the 

1 See National Safety Council, Inc., Accident Facts, 1946 Edition, p. 20. The source 
of much of the material in this chapter is the National Safety Council, Inc. 

2 R. P. Blake, Senior Safety Engineer, Department of Labor, Division of Standards, 
Washington, in a letter to the author. Mr. Blake provided many constructive sug- 
gestions and ideas used in this chapter. 
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member companies. The National Safety Council, Inc., collects statisti- 
cal data regarding the causes of accidents and conducts a vigorous cam- 
paign for safe practices. Its publications have been very helpful in pro- 
moting the safety movement. 

Most of the full-time safety men are members of the American Society 
of Safety Engineers, an affiliate of the National Safety Council, Inc. 
The American Society of Safety Engineers is an organization that is 

SINCE FROM 



Source: Reports of industrial establishments to the National Safety Council 

Courtesy, “National Safety Council Accident Facts,** Edition 

Fig. 47.1. Chart showing the decline in frequency and severity rates. 

striving to raise the standards of its members to a truly professional 
level. This is a wholesome movement that will undoubtedly exert a 
profound influence upon the reduction of accidents. 

The American Standards Association, formerly the American Engineer- 
ing Standards Committee, serves as a clearing house for standards. It 
has become a federation of technical and professional societies, trade 
associations, and some government agencies. 

The nation as a whole and managers in particular have been aroused 
to the economic and humanitarian aspects of the safety movement. It is 
to be hoped that the union movement will become as effective at the 
work level as its leaders have been in their conventions and public state- 
ments. If this situation should be realized, the downward movement in 
accidents will become even more pronounced. Figure 47.1 shows the 
reduction in both severity and frequency rates ® from 1930 to 1945 for 

» The frequency rate is the number of disabling injuries per 1,000,000 man hours 
worked. The severity rate is the number of days lost per 1000 man hours worked. 
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industry as a whole. Figure 47.2 indicates the remarkable reduction in 
accidents for the members of the Portland Cement Association. 

Does safety work pay? The fact that as many as 10,000 persons have 
attended a single annual conference of the National Safety Council indi- 
cates the interest of industrialists in safety. Business men would not 



Fig. 47.2. Number of injuries to members of Portland Cement Association. 

send representatives in such numbers to safety conferences unless the 
interest could be translated into economic as well as humanitarian terms. 
Practically every large company in the United States has a formally 
organized safety program. All of them have a Vital economic and social 
interest in safety, even though a few may carry on their work through 
the regular line organization. A bad accident rate may run into a sub- 
stantial per capita cost. To reduce this rate is to reduce costs. The 
costs of injuries average at least five times the sum of compensation paid 
plus the medical expenses. For instance, if compensation paid was $200 





Accepts responsibility for ail accidents. 

Enforces sofety program. 

Attends and takes active port in safety meetings. 






Fio. 47^. Chart showing the safety functions of various groups in the plant. To this should be added the engineer responsible for 

safety in machine design and the methods for process safety. 
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and medical expense for the same accident was $100, the total cost to 
the employer, when figuring every factor, would be approximately $1500.^ 
Organizing to prevent injuries. The rigid observance of safety prac- 
tices is not a one-man job. It requires the cooperative effort of every 
person associated with the operations. From a management standpoint 
the attitude of top management and the foreman is most important. The 
big problem is to keep top-management^s sound approach constantly 
before the foremen. Safety is primarily a line responsibility. The staff 



Courtesy, General Motors Corporation 

Fia. 47.4. Basket guard for punch press, Ternstedt Manufacturing Company, Detroit. 

(See handle for feeding parts into press.) 

service rendered by the safety engineer or supervisor is merely an aid 
to the foreman and an advisory service to top management. As a staff 
function the safety department may readily be attached to the personnel 
department that specializes in the personnel aspects of the organization 
without being responsible for operations (see Fig. 6.5). Figure 47.3 
illustrates the various functions that are performed by the several in- 
terested parties. 

Guards. Unless mechanical hazards are guarded adequately, no plant 
can expect to win the workers^ cooperation in educational programs for 
accident reduction. The necessity of adequate illumination as a safety 
factor was discussed in Chapter 15. Other types of physical dangers in- 
clude those arising from power-transmission equipment, points of opera- 
tion on machinery, slippery floor and stairway surfaces, and danger to 
the eyes from flying particles. 

Point-of-operation guarding is coming to be o\ great importance, be- 
cause, although power-transmission machinery is usually well guarded, 

See R. F. Blake, Industrial Safety, Prentice-Hall, 1943, pp. 22-29. 
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Courtesy, Bendiw Products Division, 

Bendix Aviation Corporation 

Fig. 47.5. The guard pulls the man’s hands from under the descending tool if he 

forgets to do so* 



Courtesy, Junhln Safety AppUanoe Company 


Fig. 47.6, Guard that forces the operator’s hands away from the descending tool if 
she does not remove them herself. Note the safety cap, which prevents the girl’s 
hair from becoming entangled in moving parts. 
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Courtesy, National Safety Council 

Fig, 47.7. Safe practice in grinding, Lane Technical High School, Chicago. 


little has been done with points of operation, except the first two of the 
following three classes: (1) accidents from flying particles — emery and 
other abrasive wheels; (2) accidents due to contact with the moving 
parts of machines, as on punch presses; (3) accidents due to kick-backs 
of work, or parts of the machinery which move flying through the air. 
Examples of the third class are lumber kicking back from a circular saw 
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and shuttles flying from the loom. Figure 47.4 illustrates an effective 
point-of-operation punch-press guard. Other types of guards (Fig. 47.5) 
pull the worker^s hands away from the descending tool. Figure 47.6 por- 
trays another type of guard for a punch press. Figure 47.7 shows a 
properly guarded grinder with an individual motor drive, thus eliminat- 
ing the necessity of guarding the belt and pulley. It will be noticed that 
goggles are worn even though the grinding wheel is well guarded. 

Accident prevention by making floors and walk-ways safe is a big 
factor in reducing the industrial-accident toll. A study by the National 
Electric Light Association indicates that more than one third of all falls 
occur on th^ji^vel and on stairways, not from poles, scaffolds, or other 
equipment. 

Adequate protection will save a large percentage of the eyes lost in 
industry each year. ^There is great need for having goggles handled by 
someone familiar with their use. This person should appreciate what 
constitutes a fitted goggle, so that the wearer may, in addition to obtain- 
ing protection from the eye hazard he is compelled to encounter, be given 
the assurance of a feeling of security behind the devices. 

Proper clothing for the worker is almost as important as the guarding 
of machines. The dress of an individual influences his attitude. Safety 
garments tend to induce a safety attitude. Figure 47.8 illustrates appro- 
priate dress for a woman working on machines. 

Occupational diseases/ Occupational diseases in industry are rela- 
tively unimportant in comparison to accidents, being from 4 to 5 per cent 
of the total of health and accidental injuries. Nevertheless occupational 
health injuries constitute a very real drag upon the individual, society, 
and business. The field of occupational diseases has not been explored 
as intensively as accidents. It is not always possible to trace a given 
disease to the occupation unless poisoning, such as lead poisoning, is in- 
volved. The most common occupational diseases or ailments are derma- 
titis, abrasions, bursitis, synovitis, benzol poisoning, lead poisoning, and 
difficulties arising from silica and dust. Each area and industry has its 
peculiar problem in relation to occupational diseases. 

Each industrial enterprise should study its experience and concentrate 
on eliminating the causes of its occupational diseases. Close cooperation 
among the medical service, operating department, and engineering and 
process division is required to get effective results. Society is becoming 
keenly aware of the broader implications of occupational diseases. There 
are individual differences in the workers^ reactions to occupational dis- 

^^See National Safety Council, Inc., Accident Facts, 1939 Edition, pp. 12 and 22, 
for data supporting the statements made in this paragraph. 
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eases, just as there are individual differences in reacting to the pollen of 
ragweed. A careful check-up by the medical department may readily 
detect many individuals not suited to particular occupations. An equit- 



Courteay, the Travelers Insurance Company 
Fig. 47.8. A woman appropriately dressed for safe work. 


able transfer or other adjustment in such cases will tend to reduce occu- 
pational diseases. 

Using facts to promote safety. Figure 47.1 shows the decline in both 
frequency and severity rates of accidents since 1930. Frequency has de- 
clined more than severity, but both have made a remarkable showing. 
Data are available by industries ’from which trends for each industry 
may be established and the individual manager may measure his own 
performance against that of his industry as a whole. The chart given 
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Fatal and Permanent 
Total Disabilities 


Permanent Partial 
Disabilities 


Temporary Total 
Disabilities 


Vehicles 


Machinery 


Handling Objects 


Falling Objects 


Handling Objects 


Falls 
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Falls 


Falling Objects 


Electricity, Explo- 
sions, Heat, etc?^ 

w 

Machinery 


Vehicles 


Vehicles 


Machinery 


Falling Objects 


Hand Tools 


Handling Objects 


Hand Tools 




Other Causes 


Other Causes 


Other Causes 

wM, 


Source: Eleven State Labor Departments 

Courtesy, ^‘National Safety Council Accident Facts/ 

Fig. 47.9. Injuries by sources. 


19 Edition 


TABLE 47.1 

Cat SES (by Percentages) of Accidents * 


Unsafe Acts 

Unnecessary exposure to danger 26 

Improper use of or unsafe tools 16 

Non-use of safety devices 15 

Unsafe loading or arrangement 10 

Operating at unsafe speed 7 

Working on moving equipment 6 

Improper starting or stopping 5 

Other unsafe acts 2 

No unsafe act 13 


100 % 


Personal Causes 


Lack of knowledge or skill 48 

Improper attitude 31 

Bodily defects 3 

No personal cause 18 


100 % 


Mechanical Causes 
Hazardous arrangement 34 

Defective agencies 18 

Unsafe apparel 15 

Improper guarding 9 

Improper light or ventilation 2 

No mechanical cause 22 


100 % 


* Source: National Safety Council, Accident Facte, 1939 Edition, p. 19, 
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FREQUENCY 
DISABLING INJURIES 
PER 1,000.000 MAN-HOURS 
Communications p 2.97 
Electrical Equip. 

Tobacco 
Steel 
Aircraft Mfg. 

Cement 
Misc. Manufacturing 
Wholesale & Retail Trade 
Glass 
Quarry 
Chemical 
Automobile 
Rubber 
Textile 
Printing & Pub. 

Electric Utilities 
Leather 
All Industries 
Petroleum 
Machinery 
Gas Utilities 
Iron & Steel Prod. 

Railroad Equip. 

Shipbuilding 
Service 
Sheet Metal 
Air Transport 
Nonferrous Metals & Prod. 

Clay Products 
Construction 
Paper & Pulp 
Foundry 

Storage & Warehousing 
Food 

Mining, Other Than Coal 
Transit 
Meat Packing | 

Woodworking 
Marine Transp. 

Mining, Coal 
Lumbering 


1945 INJURY RATES 
BY INDUSTRY 



SEVERITY 
DAYS LOST 

PER 1,000 MAN HOURS 
(25) 0.08 1 Communications 
(23) 0.15 j Tobacco 
(18) 0.16 1 Wholesale & Retail Trade 


(34) 0.28 
(17) 0.401 
(33) 0.41 i 
(70) 0.44 6 
(79) 0.58 
(60) 0.62 
(44) 0.64 1 
(56) 0.68 1 


(53) 0.71 g Leather 
(67) 0.78 1 


(114) 2.27 
(64) 3.88 
(79) 

(216) 5.58 



Misc. Manufacturing 
Storage & Warehousing 
Printing & Pub. 
Electrical Equip. 
Aircraft Mfg. 
Automobile 
Machinery 
Textile 


Rubber 

Glass 


0.85 1 Clay Products 
0.90 i 
1.06 i 
1.111 
U41 
1.151 
1.16 

1.241 
1 . 25 ^ 

1 . 33 ^ 

1.33 


Meat Packing 

Chemical 

Gas Utilities 

Iron & Steel Prod. 

Shipbuilding 

All Industries 

Sheet Metal 

Food 

Quarry 

Petroleum 


(69) 

1.42^ 

Paper & Pulp 

(94) 

1.44^ 

Railroad Equip. 

(56) 

1.50^ 

Transit 

(95) 

1.52^ 

Service 

(101) 

171^ 

Air Transport 

(242) 

175^ 

Steel 

(105) 

178^ 

Nonferrous Metals & Prod. 

(60) 

178^ 

Woodworking 

(139) 

1.87^ 

Electric Utilities 

(237) 

1.89^ 

Cement 

(86) 

1.90^ 

Foundry 


Construction 
Marine Transp. 
Lumbering 

Mining, Other Than Coat 


Courtesy, 
Fiq. 47.10. 


^National Safety Council Accident Facta/* 19^6 Edition 
Injury rates by industries. 
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on p. 615 shows the frequency and severity rates for various industries for 
1945. 

Figure 47.9 shows the distribution of compensated industrial accidents. 
This same information is available by industries (Fig. 47.10) and may 
well serve as a challenge to an individual enterprise. It also points to 
places where effective work can be done. The National Safety Council 



Courtesy, National Safety Council 


Fia. 47.11. A fixture constructed for both safety and production. 

reports that about 87 per cent of all work accidents involve some unsafe 
act, and that 78 per cent have some mechanical or material cause. In 
approximately 80 per cent of the unsafe acts some definite personal cause 
was responsible. Mechanical causes accounted for about 20 per cent of 
the total accidents. The breakdown of the unsafe acts, personal causes, 
and mechanical causes in Table 47.1 indicates definitely the responsibility 
of management for proper selection, training, and discipline of employees, 
as well as to management's responsibility for removing most of the me- 
chanical causes. 

Frequently guards are not used by the workmen because they slow 
down their production. Piece workers do not like to have their produc- 
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tion slowed down even though the rate is supposed to compensate for the 
safe practice. Some of the safety devices have been inadequately en- 
gineered and have placed an unnecessary burden on production. On the 
other hand, careful engineering may change a hazardous operation to a 
safe one and increase production at the same time. Figure 47.11 shows a 



Courtesy, the Travelers Insurance Company 
Fia. 47.12. This picture was run as a ‘‘photo quiz.” How many hazards can you 

count? 


device that is carefully constructed for both safety and production. The 
safety engineer should not sacrifice the workers^ physical safety for in- 
creased production. On the other hand, he should consider production 
requirements and harmonize the two. The installation of an automatic 
feed, using strip stock, not only raises the safety factor of a punch-press 
operation but also increases production. The motion- and time-study de- 
partment should be a strong ally of the safety department. Their long- 
run interests are identical in many respects. 

Educating the workman in safe practices. Departmental or group 
safety committees should be organized, and the competitive spirit between 
departments aroused. An active safety committee will work strenuously 
to have a better record than its neighbor, and, once aroused, the men 
learn how to put the doctrine across. Vigorous and pointed safety bulle- 
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tins should be abundantly posted and frequently changed. Plant car- 
toonists will find this field an admirable one in which to work, and the 
fact that cartoons and bulletins are homemade and cite home events will 
increase their effectiveness. 

Worker education in safe practices should be wisely planned and effec- 
tively executed. It never ceases; constant follow-up is required. One 
of the most frequently overlooked persons is the old timer who has been 
around the shop for years and ^^should know.^^ When he is transferred 
to a new job, he should be carefully checked regarding the safety factors. 
Otherwise he is likely to assume that he knows what to do and unwit- 
tingly violate some sound practice, thereby hurting himself. Older 
workers^ records are good in terms of safety. ^^Old timer, in the sense 
used here, refers to worlc experience, not age. Such a person may be 30 
or 60 years old, but he should be given safety training whenever his job 
is changed. 

The plant magazine forms an excellent means of promoting safety 
among the workers (see Fig. 47.12). Nearly all plants which have safety 
programs of any size utilize safety posters of some kind. The National 
Safety Council has an elaborate poster service, and most of the casualty 
insurance companies include a poster service as one of the items in their 
workmen's compensation policies. 

One of the direct results of safety education is to reduce the number 
of infection cases from accidents by having the injured worker report 
promptly to the dispensary for treatment (see Fig. 42.1, p. 555). A sym- 
pathetic doctor and nurse will work wonders in persuading men to come 
to the hospital for first aid, and first aid prevents infection. Persuasion, 
as well as regulations, should be used for this purpose. 
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EXPLANATION OF GENERAL MOTORS ORGANIZATION 

CHART 

General Motors Corporation 

Subject: General Motors Organization, No.: 799 

organization chart revised 
to July 1, 1946 

To: General Managers of Divisions Date: July 3, 1946 

General Operating Officers 
Group Executives 
Staff Executives 
Heads of Staff Sections 

The enclosed organization chart of General Motors Corporation has been re- 
vised as of July 1, 1946. It reflects all personnel and organization changes made 
at the meeting of the Board of Directors on June 3, 1946, and July 1, 1946, as well 
as any changes which have occurred since the previous chart was issued on 
January 8, 1946. (See Fig. 6.6.) 

The major changes from the previous chart are as follows: 

1. The former Policy Committee, which dealt with both operating and financial 
policies, has been divided into two committees, as follows: 

a. Operations Policy Committee. The Operations Policy Committee, dur- 
ing intervals between meetings of the Board of Directors, shall have and 
may exercise the powers of the Board of Directors except the powers 
assigned to the Financial Policy Committee, the Audit Committee, and 
the Bonus and Salary Committee, in the management of the business 
and affairs of the Corporation. 

b. Financial Policy Committee. The Financial Policy Committee, during 
intervals between meetings of the Board of Directors, shall have and 
may exercise the powers of the Board of Directors except the powers 
assigned to the Audit Committee and the Bonus and Salary Committee, 
in determining the financial policies of the Corporation and in the man- 
agement of the financial affairs of the Corporation, including all ac- 
counting policies and procedures. 

2. The Administration Committee is charged with the responsibility for making 
recommendations to the Operations Policy Committee with respect to the 
manufacturing and selling activities of the Corporation, and will also make 
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recommendations on any other matters affecting the business and affairs of 
the Corporation which may be referred to it by the Board of Directors or 
the Operations Policy Committee. 

3. The Policy Executive Group has been discontinued. 

4. The former Policy and Product Groups of the Administration Committee 
are now Policy Groups of the Operations Policy and Administration Com- 
mittees, divided as follows: 

a. Policy Groups of Operations Policy Committee 

Aviation 
Canadian 
General Engine 
Household Appliance 
Public Relations 
Overseas 

b. Policy Groups of Administration Committee 

Distribution 
Employee Cooperation 
Engineering 
Manufacturing 
Personnel 

5. The Legal and Financial Staffs, as well as the Finance and Insurance Group 
of Subsidiaries and the Associated Companies Group, are under the jurisdic- 
tion of the Financial Policy Committee and report to that Committee 
through the Chairman of the Financial Policy Committee. 

6. The Corporation's operating divisions have been regrouped as follows: 

Car and Truck Group 
Body Group 
Accessory Group 

Buick-Oldsmobile-Pontiac Assembly, Dayton, and 
Household-Appliance Group 
Engine Group 

Overseas and Canadian Group 

A chart showing the membership of the various Policy Groups, together with 
a calendar showing the scheduled meeting dates of the Board of Directors, the 
governing committees, and the Policy Groups, are attached for your information. 

Additional copies of the organization chart suitable for framing, as well as extra 
copies of the membership chart and the calendar, may be secured from the Budget 
and Procedure Section, Detroit, Michigan. 

C. E. Wilson {signed) 
President 
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DETAILS OF STANDARD NOMENCLATURE 

The requirements of daily operating conditions demand the application of a 
standard nomenclature to the items that have been arranged through the develop- 
ment of a classification. Something more accurate, more concise, and less am- 
biguous than names or words is necessary . Such requirements are met through 
the use of symbols. 

Symbolization. Symbolization is the assignment to all classified items of a 
series of related characters, in such a manner as to aid in the recognition of the 
item and definitely to fix its identity separately from all other items in all phases 
of the business. The completed set of symbols comprises a system of standard 
nomenclature for a business. 

A number of effective methods have been devised for the development of standard 
nomenclature, some of which are in common use. As the base of the symbol system 
one of the two main methods utilizes numbers; the other, letters. Each method 
frequently uses the main device of the other to aid in the expression of particular 
conditions. Methods utilizing numbers may be again divided into straight numeri- 
cal systems and Dewey Decimal Systems which express relationships by the posi- 
tions of numerals to the left or right of the decimal point. Both are developed 
along essentially the same lines. Methods that are based primarily on the use of 
letters are ordinarily called mnemonic, because they are designed with the primary 
idea of having the symbol easily remembered. 

Compromise is the basis of the art of working out standard nomenclature. 
Deviations from a strictly logical series of symbols are often necessary to preserve 
a logical classification, which is more important. Effective symbols should be as 
short as possible, should be absolutely definite, so that one symbol can mean one 
and only one thing, and should be as mnemonic as possible. 

Numerical symbols. The numerical system of symbols is used in a large num- 
ber of businesses. With this system the symbol may consist of one or more separate 
numbers. For instance, expense items are frequently designated by indicating 
the number of the unit of the business incurring the expense, followed by the symbol 
representing the expense. Whenever this system is utilized, a block of consecutive 
numbers is usually assigned to each general class into which the activities of the 
business are divided. The advantages of the numerical system are: 

1. Its seeming simplicity at first glance. 

2. Its ready adaptability to use in connection with tabulating machines. 

3. Its particular simplicity when only accounts are classified. 
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This last factor is the cause of the almost universal adoption of the numerical 
system when only accounts are classified. The disadvantages of the numerical 
system, compared to the use of letters (usually termed the mnemonic system), when 
combined into a system alleged to be memory-aiding, are the following: 

1. It is difficult to associate the symbol with the item classified, which is a particular 
disadvantage in items of stores, product, etc. 

2. Only 10 class divisions are possible, as the system is generally used, whereas there 
may be 22 if letters are used. 

3. Because of the use of numbers for all purposes, sizes cannot be readily shown in 
the symbol. 

4. In stores or production-control work, the symbols tend to become extremely 
lengthy. 

5. It is difficult, if not impossible, to develop a series of symbols to cover all the items 
in the business without repetitive numbers. These disadvantages are somewhat modi- 
fied in the manufacture of a standard product, where the number of items to be classified 
is somewhat less. 


The Dewey Decimal System, although essentially the same as a numerical sys- 
tem, is not so well adapted to business as to library work, because of the likelihood 
of misplacing the decimal point. 

The following is an extract from an example of the development of a numerical 
nomenclature: 


Department Numbers (1-199) 


Executive Department (1-9) 

1. President’s Office 

2. Vice-President’s Office 

3. Treasurer’s Office 

4. Secretary’s Office 

Comptroller’s Division (10-19) 

11. Credit Department 

12. Accounts Payable Section 

Sales Division (20-29) 

21. Domestic Sales Department 

22. Export Sales Department 

23. Sales Promotion Department 


General Office (40-49) 

41. Stenographic Section 

42. Mail Section 

Maintenance Department (70-79) 

71. Machinery Section 

72. Equipment Section 

Production-Control Department (100-109) 

101. Planning Department 

102. Standards and Methods Department 


Asset Accounts (200-299) 


Plant (200-224) 

201. Land 

202. Buildings 

Equipment (225-234) 

226. Machines 

227. Motors 


Current Assets (260-271) 

261. Cash-General Funds 

262. Cash-Cashier’s Fund 

Investments (272-279) 

273. Sinking Funds 

274. Contingent Funds 
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Liability AccouNTti (300-399) 

Funded Debt (300-309) Capital Stock (350-359) 

301. Bonds 351. Capital Stock, Common 

302. Coupon Notes Payable 352. Capital Stock, Preferred 

332. Capital Stock Premium (Subscribed) 

Revenue Accounts (400-499) 

401. Profit and Loss 403. Sales 

402. Manufacturing 


Expenses (500- ) 

501. Salaries — Executives 511. Traveling 

502. Salaries — Clerical 512. Entertaining 

503. Commissions 513. Miscellaneous Labor Cost 

504. Retainers — Premiums, Bonuses 514. Janitor Service 

In the utilization of this classification, departmental expense S5nnbols are formed 
in the way that the following examples indicate: 

23502 — Sales-Promotion Department Clerical, Salaries 
23511 — Sales-Promotion Department Traveling, Expenses 
101504 — Production-Control Department, Bonuses 
102501 — Salary, Head of Standards and Methods Department 

Numerical symbolization of material is extremely common and is especially 
valuable in the manufacture of a few standard products for which standard materials 
are utilized. In such cases, effective numerical stores symbols can be built up. 
Although nothing in the symbol itself recalls the article referred to, constant 
association of the symbol and the article soon makes possible the prompt association 
of the article and the symbol name by those who daily utilize the symbols. An 
example of a stores classification, numerically symbolized, is not given, since it 
merely involves the numbering of the articles of stores and product in sequence, 
after they have been classified. 

In plants manufacturing diverse products it is extremely difficult to build up a 
simple and effective series of numerical symbols for stores. Symbols soon become 
involved; and, since they do not readily recall the article they describe, and, further- 
more, usually duplicate other numerical symbols used in other phases of the business, 
some form of mnemonic symbol is usually adopted. As an example of the manner 
in which numerical stores symbols become readily involved, the following symbol 
used by a paper-manufacturing plant is given: 801-2-3-0-5-16. This symbol 
was used to designate coupon bond paper, loft dried, second quality, glazed finish, 
weighing 16 pounds to a folio. 

Machines are ordinarily classified by an arbitrary assignment of numbers to 
classes of machines and individual units within the class. The first two numbers 
usually indicate the class of machine and the last the machine number within the 
class, as shown by this example: 
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0501 — ^Automatic-Feed Turret Lathe, 1 

0502 — Automatic-Feed Turret Lathe, 2 

2902 — Gear Cutter, 2 

3601 — Plain Vertical Milling Machine, 1 

Some plants put the number of the department in which the machine is located 
as the first digit in the number of the machine. This practice is inadvisable, since, 
when machines are moved from one department to another, the symbols not only 
cease to have any meaning, but are confusing. 

Mnemonic nomenclature. One of the best types of nomenclature yet devised, 
which meets all requirements in practically every case and is of great practical 
value, is the system based on the use of letters with the aid of numbers, commonly 
called the Mnoupnic System. This system was worked out by Frederick W. Taylor 
and his associates, and th^ir pioneer work in nomenclature stands as the best 
single contribution to nomenclature work in American industry. One of the most 
valuable factors of this type of nomenclature is that a system can be devised to 
classify and symbolize every single phase and item of a business in a way that makes 
the nomenclature a unified whole without repetition of symbols. In any business, 
however, only those items for which standard nomenclature is required need be 
classified and symbolized. 

This Mnemonic System is based on a complete and exhaustive analysis of every 
detail of labor, materials, and organization involved in a business. All the elements 
are divided into logical groups, first into broad general divisions and then into 
subdivisions, groups, sections, subsections, and so on, each designated by a letter. 
Where possible, the letter chosen is the initial letter of the name of the item or 
some significant letter in the name. Numbers are used to designate dimensions, 
job numbers, or lot numbers, depending on their place in the symbol. Numbers 
are also used to designate different items within a class. If there were eight or 
nine kinds of plain office pencils in a storeroom, numbers would be used to designate 
the various kinds instead of going to the detail of adding a letter for each variety. 
With this last condition as an exception, letters and numbers are thus, wherever 
possible, suggestive of that which they represent. 

Since one classification and system of nomenclature is to be provided for all 
items of the business, a base sheet can be drawn up indicating the first letter, or 
main classification, of each phase or item of the business. Such a base sheet is 
shown as Fig. B.l. This base sheet indicates that the various activities of the 
organization have been grouped under three main heads: B, Business Division 
(including Personnel); C, Selling Division; and D, Manufacturing Division. If 
some other phase of the business is made a main division, it, too, should be given, 
on this base sheet, a primary letter to designate it, as E, Engineering Division. A 
is reserved for the general accounts of the business, X is reserved for all tools, Y 
for all machinery, and Z for all buildings. These last three letters may represent 
either the physical item or the account covering this item. No confusion can exist 
here because of the absolutely different usage involved. The letters from F to W, 
inclusive, are reserved for products with the exception of S, which is reserved for 
stores or raw material. Semifinished material is represented by subdivisions of 
the product symbols, F to W. This reservation of letters applies only to the first 
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ITEM CLASSIFIED 


DATA FOR 

CHARGING OF EXPENSES 


A— GENERAL ACCOUNTS 


B— BUSINESS DIVISION 


C— SELLING DIVISION 


D— MANUFACTURING DIVISION 


E— ENGINEERING DIVISION * 


General 

Expense 

Selling 

Expense 

Shop 

Expense 

Engineering 

Expense ^ 


-< 


If both questions are 
answered NO then 
the charge must be 
against DEPART- 
MENTS 


F 

G 

II 

J 

K 

L 

M 

N 

P 

R. 


PRODUCTS 


1ST QUESTION <- 


Begin 

Reading 


Is the expenditure one involving work 
on product to be sold? 


NO > 


YES 


S— STORES 


Worked Materials or 
Product which will 
ultimately be sold to 
Customers 


T 

V 

W 


PRODUCTS 


X— FIXTURES, TOOLS 
Y— MACHINERY, MOTIVE POWER 
Z— BUILDINGS 




2ND question 

Does the expenditure 
increase the permanent 
value of the Plant? 


< YES) (NO 


* If main division; otherwise under manufacturing. 

-f Partly charged to asset accounts and partly to shop expenses. 

0 Construction or addition to equipment which wholly increases permanent value 
of assets. 


Fiq. B.l. Base sheet for mnemonic classification. 
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letter of a symbol. The letters I, 0, Q, and U are never utilized in nmemonic 
classification, since the first three are likely to be confused with numerals, and the 
last with V. 

General accounts, represented in the main classification by symbols beginning 
with A, may be symbolized as illustrated by the following example: 


A — General Accounts 


AA Revenue Accounts 
AB 

AC Current Assets 


Material Accounts 
Unfunded Debts 
Plant Accounts 


After these ifflSn subdivisions of accounts have been made, actual accounts may 
by symbolized by further ^subdividing these divisions mnemonically or by merely 
adding account numbers after the two-letter symbol. Inasmuch as mnemonic 
symbols are utilized iQgs to designate accounts than for any other purpose, no 
further examples will be given. 

Organization nomenclature. The following method of building up mnemonic 
s 3 mibols may be used in designating the various portions of the organization which 
have been classified. The nomenclature thus developed indicates immediately 
the relation of each unit of the organization to the organization as a whole. It is 
useful from that standpoint in the day-by-day operations of the business, as well 
as for expense division and distribution. 


-Business Division 


BF Office Manager 
BG 

BH Cashier 


Cost-Accounting Section 
Miscellaneous Business 


OflSce Manager's Group 


BFM Mailing Unit 
BFN Messenger Service 


D — Manufacturing Division 


DA Auxiliary Departments 
DB Blacksmith Shop 
DC 


DM Milling Department 
DN Foundry 

DP Punch-Press Department 


Expense nomenclature. Expenses incurred may be designated by the use of 
one of the following symbols, placed after the symbol of the department, division, 
or shop responsible for the expense. If there is fear of confusing the expense symbol 
with a designation for the subdivision of a department, zeros may be inserted, and 
the expense s 3 rmbol will thus always appear in the fourth or other predetermined 
position. Example: BFOA — Salaries, Office Manager's Office. 
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A Salaries, Commissions and Wages 
B 

C Consulting (including Legal) 


M Machinery Repairs and Maintenance 
N Retainer — (Premiums, Bonuses) 

P Power Transmission 


If further subdivision of these expense charges is desirable, it can be best accom- 
plished by numerical subdivision before the letter designating the expense, as: 


lA Salaries, executives 
2A Salaries, clerical 
3A Commissions 
4A Miscellaneous Labor Cost 


5A Janitor Service 
6A Material-Handling Labor Cost 
7A Crane-Operator Labor Cost, etc. 


Thus clerical salaries for the planning department will be segregated under the 
symbol DAP2A, and janitor service for the whole shop will be D005A. 

Product and worked-material nomenclature. The nomenclature of product 
and worked materials under this scheme is provided for by symbols beginning 
with the letters F to W inclusive, with the exception of S. Thus in a plant manufac- 
turing miscellaneous types of locks the product classification might be as follows: 

F N Night Latches 

G P Padlocks 

H R 

When a plant manufactures one composite product, such as an automobile, it 
is desirable to treat it as two or more distinct things, such as chassis and body. 
The important point about setting up a workable product classification is to 
visualize every group which goes into the final assembly. These groups are then 
broken up into divisions, sections, and subsections. 

To illustrate the methods of classifying and symbolizing these groups and sec- 
tions it is advisable to follow through the construction of nomenclature for one 
of the products enumerated above If we select padlocks, it is first ascertained 
that there are various kinds of padlocks, as follows : 

PD PR Railroad-Switch Padlocks 

PE PS Steel Padlocks (Except PH) 

PF PT 

PG PV 

PH Heavy-Duty Padlocks PW 

The final product symbol is thus seen to be actually represented by two letters 
rather than one. 

If we select heavy-duty padlocks, it is found that they are manufactured by 
assembling, in final assembly, several subassemblies, as follows (see Fig. B.2) : 


PHB Back Assembly 
PHD Dog Assembly 
PHL Bolt Assembly 


Miscellaneous Assembly (Separate 
parts going into final assembly) 
Tumbler Assembly 


The back group or assembly is composed of a number of parts, which, for con- 
venience, may best be expressed as numerals, placed before the last letter. If 
the product were more complicated and were composed of a number of subassembly 
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Fig. B.2. A 2^/^-in. heavy-duty padlock. Finished lock {jront cut open), subassem- 
blies, and components entering into final assemblies. (The symbols used are not 
those of the Miller Lock Company, manufacturers of the lock.) 


sections, which were in turn assembled into the main subassembly, four or five 
letters might be used to symbolize all these items. In such a case the component 
of the last subassembly would again be designated by numerals placed before the 
last letter. The back group may be designated as follows: 

PHIB Back PH4B Shackle Post 

PH2B Case Stud PH5B Dog Stud 

PH3B Bolt-Spring Post PH6B Shackle-Spring Post 

Unless the purpose of developing such elaborate symbols is briefly considered at 
this point, it may seem that they are unnecessarily complex. Each part which 
goes into the final product must be made, usually by performing several opera- 
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tions. It must be routed through the plant and assembled with other parts to 
become a portion of the final product or the whole of it. As such it must be con- 
trolled, and to be controlled it must be designated in some manner, either by a 
name or by a symbol. Furthermore, all parts must be stored at times and yet be 
readily available when wanted. Some designation must be attached to each part, 
in order that it may be stored properly and so designated that it will be readily 
available or can be eparately accounted for. The system of symbols being de- 
scribed, in addition to fulfilling all these requirements, readily shows the relation- 
ship of one part to another. 

The worked-material symbols can be arranged to show dimensions or size of the 
product, so that the different varieties of similar products may be distinguished. 
Thus, if the product is a 23 ^-inch heavy-duty padlock, the symbol becomes P 2}^ 
H. This size designation will be carried by every part going into the lock, as 
P 2}^ HIB, back for 2J/^-inch heavy-duty padlock. 

The worked-materials classification serves as a means of designating shop opera- 
tions. This is accomplished by inserting the number of the operation, in the 
sequence which makes the piece, in front of the piece symbol. Thus IP 2 HIB is 
the first operation in the manufacture of the back for the lock. The second opera- 
tion in the final assembly is 2P 2}^ H. 

The worked-materials symbol may be utilized also to show the lot number 
of any order in process. This may be accomplished by the addition of the lot 
number at the end of the product or worked-material symbol. Thus P 2>^ H7 
represents lot number 7 of 2 J^-inch heavy-duty padlocks. 

From the foregoing it becomes apparent that there are certain rules of number 
utilization in mnemonic symbols which have been built up on the basis of long and 
hard experience, as follows: 

1. Only operation symbols may be osed as prefixes to worked-material symbols. 

2. Care must be utilized in the insertion of dimension numbers before the last two 
places of a worked-material symbol lest these be confused with the part symbol. 

3. Numerical parts of the worked-material symbol may not be placed after the last 
letter, as this place is reserved for lot numbers. 

Stores or raw-material nomenclature. It is in the classification of stores or 
purchased materials that the greatest possibility for variations in the methods 
of classifying is found. Because articles are bought from several manufacturers 
under different names, although the articles may be the same or similar, an addi- 
tional difficulty is faced. Because of the choice of methods, and the possibility of 
ambiguities in the classification, it becomes essential that every detail be care- 
fully guarded. Those articles of stores which are special, rather than standard, 
are not classified, but are given serial numbers prefixed by the letter Thus, 
S1242 is an article carried in stores only temporarily, and not a standard article 
of supply in the plant. This saves unnecessary work in classifying, and at the same 
time an automatic signal is provided to prevent the article from being carried too 
long. It will also help to indicate automatically when too many of a special article 
are on hand. 

The two general methods of stores classification are: 
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1. Classification of materials by their nature. 

2. Classification of materials by the use to which they are put or the purpose served, 

The first method permits a classification that is universal in its nature and is 
probably necessary in very large, complex plants. When carried to its logical 
conclusion, it results in somewhat longer symbols than the second method. The 
second method may result in unnecessary duplication of symbols and some ob- 
scurity, but in plants making a standard product it is altogether desirable. 

In the first method part of the first sheet of the stores classification would be 
somewhat as follows: 


S — Stores (Purchased Materials) 


SA 

Statione^and Office Supplies 

SP 

Paper (other than stationery and 

SB 



printed forms) 

SC 


SR 

Rubber and Articles Made Chiefly 

SD 

SE 

Dyestuffs 

ss 

Therefrom 

SL 

Liquids 

sx 

Tools and Appliances 

SM 

Metals 

SY 

Repair Parts for Machinery 

SN 


SZ 

Fuels 


Under this method the further classification of stores results in a narrower 
definition of each type of material. Thus SMZ might stand for metal fasteners. 
That being the case, SMZB would be bolts and SMZBH hexagonal bolts. If 
made of various materials, such as wrought iron, cast steel, or cold-drawn steel, 
each variety might be distinguished by a number, so that SMZBIH might mean 
a wrought-iron bolt. The size of the bolt would be indicated by dimension num- 
bers placed between two of the symbols (not between the last two), as SMZ%2B1H. 
This shows that the bolt is % inch in diameter and 2 inches long. 

In this type of stores classification it is frequently desirable to set up, as major 
divisions, some types of materials which are particularly important in the business. 
For instance, in a textile plant operating its own dye house an example would be 
found in dyestuffs, as indicated above. The nomenclature for stores under this 
main division might be built up as follows: 

SD — Dyes 


SDA 

Acid Dyes 

SDM 

Mordants 

SDB 

Basic Dyes 

SDN 


SDC 

Coupled Dyes 

SDP 

Naphthol Dyes 

SDD 

Developed Dyes 

SDR 



SDA — Acid Dyes 

SDAB Acid Dyes, Blue SDAR Acid Dyes, Red 

SDAG Acid Dyes, Green SDAV Acid Dyes, Violet 

SDAB — Acid Dyes, Blue 

SDAIB Acid Peacock Blue SDA3B Alizarine Sapphire, etc. 

SDA2B Alizarine Blue 
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' In the second method of stores classification the first sheet will have the mate- 
rials grouped mainly with reference to the products on which they are used. Such 
classification is particularly valuable in plants manufacturing standard products, 
or in plants where a large proportion of the stores are intended, when purchased, 
for use on one particular product. To illustrate: 

SF SN Stores for Night Latches 

SG SP Stores for Padlocks 

By this method the stores whicl^ are used exclusively on one product are classi- 
fied by the same general symbol as the product itself, with the prefix S. If we 
use the same illustration employed to develop the worked-materials nomenclature, 
it is found that the shackle post for a heavy-duty padlock is designated as SPH4B 
if the piece is purchased rather than manufactured. If the piece is made in the 
shop and then put in the storeroom, its worked-material symbol would be PH4B. 
This illustrates the most valuable advantage of this method of stores classification. 
Under it, the symbol for stores and worked materials vary only by the prefix of 
the letter S, provided that the part is used exclusively on one type of product. 

The stores used for a variety of purposes must necessarily be classified by nature, 
rather than by the use to which they are put. The skeleton nomenclature for such 
stores would be therefore as follows: 

SVA Miscellaneous Stores, not otherwise classified 
SVB Brass and Articles Made Chiefly Therefrom 
SVC Cast Iron 
SVL Liquids 
SVT Textiles 

Mnemonic nomenclature of tools. Tools are classified in much the same manner 
as stores. The prefix X is usually retained in any accounts dealing with tools, as 
indicated in the master sheet. This prefix is ordinarily dropped when stamping 
the symbol on the tool or referring to the tool for shop purposes. For a metal 
shop, which has most need of an elaborate tool classification, the following is an 
effective base sheet : 

XA Miscellaneous Tools, for special purposes not elsewhere classified. 

XB Abrading Tools — All tools for filing, grinding, polishing, rubbing, scratching, 
scraping, lapping, etc. 

XC Clamps and Holding Devices — Clamps and holding devices of all kinds, includ- 
ing bolts and screws, except J & N. 

XJ Jigs and Fixtures — Holding devices for specific purposes in connection with the 
product worked upon. Designed for manufacture of duplicate parts of a given 
product. 

XN Containers — Containers for holding materials, except as classified under C, J, 
or T. 

XP Paring Tools — All tools which remove material from the surface by means of 
stationary tools and produce the required size through the operation of the 
machine, except L. 
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P — Paring Tools 

PC Parting Tools PS Square-Nose Tools 

PR Round-Nose Tools PT Thread Tools 


PR — Round-Nose Paring Tools 

PRB Blunt Round-Nose Tools 
PRS Sharp Round-Nose Tools 

PRB — Blunt Round-Nose Tools 

PRBL Blunt Round-Nose Tools, Left-Hand Bent 
PRBR Blunt Round-Nose Tools, Right-Hand Bent 


Mnemonic nomenclaj^e of machinery. Machinery, like tools, usually retains 
the main classification letter (Y) when its symbol is used to express an account, 
but drops it when used for shop purposes. Machinery may be classified either by 
the use to which it is put or by trade name. A portion of the subdivisions, if classi- 
fication is by the use to which machinery is put, might be as follows: 

YB Abrading Machinery — Removes material from surface by abrasion. 

YE Energy-Transforming Equipment — Changes energy from one form to another 
without the intervention of a machine, for example, boilers and transformers. 
YK Revolving Cutting Machinery — Removes material by a revolving motion, either 
in the tool or material, for example, lathes, boring mills. 

If the classification is by trade name, which is more common, some subdivisions 


might be : 



YB Boring Mills 

YP 

Presses 

YG Grinders 

YT 

Tumblers 

YL Lathes 

YV 

L — Lathes 

Production Centers Which Do Not 
Include Machines 

LA Automatics 

LL 

Low-swing Lathes 

LE Engine Lathes 

LH Hand-feed Turret Lathes 

LT 

Threading Lathes, etc. 


If there are a number of machines of the same type in the shop, each is desig- 
nated by placing a number after the machine symbol, as LET, engine lathe number 7. 

Mnemonic nomenclature of buildings. Buildings may be readily classified and 
symbolized in some such manner as the following: 


ZC 

Conveying Devices 

ZP 

Underground Piping and Tunnels 

ZE 

Building Equipment 

ZR 

Power-House Structures 

ZF 

Office Space 

ZT 

Transmission Lines 

ZM 

Manufacturing Space 
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Summary of mnemonic nomenclature. Although any portion of the mnemonic 
scheme of nomenclature can be used separately, and although it may be adapted 
in any desirable way or used in conjunction with numerical nomenclature, it has 
been discussed as a complete system. As such, it completely fulfills the objects 
that were established for standard nomenclature as follows: 

1. It gives a measure for the definiteness of functions because by it the duties of 
individuals can be definitely codified, whether they are executive, clerical, or manual. 

2. It provides a definiteness and correct sequence of operations by the use of the 
product classification in conjunction with proper routing and dispatching methods. 

3. By means of the stores and product classifications, it provides for locating mate- 
rials, both in the storeiroom and in process, and makes it easier to keep a perpetual 
inventory of these articles because of the elimination of much writing of names that 
would be necessary if there were no symbcls. 

4. Costs are more readily obtained. 

From the master sheet of the classification (Fig. B.l) it has been seen how these 
primary elements are provided for and how, by the elaboration of the various groups, 
every item of expenditiu’e is given a symbol. With the correct use of these sym- 
bols the allocation of costs is made comparatively easy. It is not the purpose here 
to illustrate this point, because a more detailed knowledge of the functions and 
operation of the production department is needed to comprehend fully the true 
relation between classification and costs. Finally, the system serves as an auto- 
matic index for the filing of all ^‘inside shop’^ information. If information about 
an operation is to be filed, it is filed by the operation symbol. The same is true of 
machine specifications and records, product information, cost records of products, 
and all other matters pertaining to shop routine. It has been pointed out that the 
functions of individuals were classified. Thus information regarding the individual 
or his functions can be filed by those same symbols which designate the main classes. 
Stores records are filed by the stores symbols. Time-study data and blueprints 
are filed by the symbol of the product to which they apply. 
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House organ, 665 
Housing, industrial, 48 
Humidity control, 250 
Hyatt, John Wesley, 101 

Identification, 426 

Dewey Decimal System of, 428, 429, 
622 

in business, 423-429 
numbers for, 428 
symbols used for, 476 
systems of, 427 
alphabeticalfi27 
combination, 427 
mnemonic, 427 
numerical, 427 
sign, 427 

Identification tags, 500, 601 
Illuminating Engineering Society, 220, 
221 

Illumination, see Lighting 
Incentive plans, 324 
Incentive wage systems, 328 
“Incoming process average,” 152 
Indirect materials, 408 
Industrial engineer, 270 
Industrial engineering department, 256 
Industrial management, see Management 
Industrial relations, 532-618 
manager of, 78 
Industrial Revolution, 2, 3 
Industrial wages, 311-321 
Industry, types of, 16 
assembly, 161 
continuous, 161 
analytical, 161 
synthetic, 161 
textile, 37 

Inelastic demand, 361 
Injuries, prevention of, 609 
Injury rates, by industries, 616 
by sources, 614 
Inspection, 141-159, 384, 385 
assembly-line, 163 
by sampling, 161 
centralized, 144 

constructive or preventive, 141, 143, 
147, 260 

corrective or remedial, 141, 143 
engineering, 145 


Inspection, functional, 143, 145, 146 
manufacturing, 145 
mechanical aids for, 154 
nonvisual, 143 
of finished product, 143, 145 
of floors, 144 
of materials, 143, 145 
of quality, 150 
of work-in-process, 143, 145 
operative, 141 
personnel needed for, 152 
standards for, 154 
techniques of, 154 
time for, 150 
types of, 143 
visual, 143, 146 

Inspection department, 82, 111, 122, 141, 
147 

and standard materials, 124 
Inspector, 70 
chief, 81 

Institutions, and industrial management, 

10 

Edison Institute of Technology, 564 
General Motors Institute of Technol- 
ogy, 564 

Rockefeller Institute, 100 
Instruction, uho Training 
advantages of, 64 
reason for failure of, 64 
standard, 62 
Insurance, group, 562 
International Detrola Corporation, 439 
International Harvester Company, 169, 

m 

International Ladies’ Garment Workers’ 
Union, 588 

Inventory, as means of control, 430-443 
losses from inadequate, 431 
maximum, 432 
minimum, 432 
need for, 430 
steps in, 432 
progressive count, 442 
running, 442 
taking of, 441 
types of, 430 
of finished products, 430 
of material in process, 430 
of raw material, 430 



Inventory, types of, of supplies, 430 
perpetual, 442 
visible-index, 440 
visual control of, 439 

Job, see also Work 

introduction to, 95, 549 
Job analysis or study, 269 
purpose of, 269 
Job description, 269 
Job master or foreman, 80 
Job specifications, 269, 272, 541 
form of, 543 
use of, 541 

Job standards, lack of, 269 
Joint products, 409 

Kymograph, 285 

Labor, attitude of, concerning time 
study, 587 
organized, 583-593 

reaction of, to scientific management, 
586 

supply of, 40, 543 
turnover in, 222, 552, 553 
Labor Information Bulletin, 588 
Labor unions, 7, 583-593 
Laissez faire, 5, 15 
Lamps, fluorescent, 228 
incandescent, 226 
mercury-vapor, 227 
Tjarge-quantity manufacturing, 524 
Lathe, automatic, 3 
turret, 20S 

Layout, by process (functional), 68, 165 
by product, (line), 162 
of storeroom, 446 
small-department, 160 
Leadership, dynamic, 96 
effective, 61 

worker’s reaction to, 96 
Ledger, machine-load, 4^5 
Leveling factor in time study, 296, 298 
^‘Library exploration,” 107 
Lighting, 220-233 
adequate, 221, 233 
effects of, on production, 221 
influence of paint on, 233 
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Lighting, arrangement of sources of, 228 
general, 228 
group, 228 
artificial, 220 
fluorescent, 228 
incandescent, 222, 223 
mercury-vapor lamp, 227 
requirements of, 222 
defective, 220 

elimination of glare, 224, 233 
reflectors for, 224-225 
types of electric, 226 
general considerations regarding, 220 
intensity of, 223 

effect of light and dark material on, 
223 

maintenance of installations for, 229 
measurement of, 222 
natural, 230 
roof, 231 

by monitor-roof windows, 231 
by saw-tooth roof windows, 231 
by skylights, 231 
uniform diffusion of, 227 
Light meter, 222 
Location of plant, 36, 37-49, 52 
advantages of city, town, suburb, 41, 
44, 45 

classification by, 425 
factors affecting, 39 
social and governmental, 47 
Locker rooms, 560 
Logics, of efficiency, 10 
of sentiment, 10 
Lot sizes, computation of, 434 
economic, 434 
Lunchrooms, see Cafeterias 
Lunchwagons, 558, 560 

Machine age, 201 
Machine tools, 3, 201 
Machine-hour method of calculating de- 
preciation, 418 
Machine-hour rate, 411 
as basis of distributing burden, 411 
Machines, 201-219 
amortizing costs of, 210 
automatic, 309 

changes influencing design and use of, 

209 
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Machines, die-casting parts for, 209 
for material handling, 184-186 
special-purpose, 3, 152, 204, 210 
standard, 202, 204, 212 
types of, 202-213 
automatic hopper, 213 
boring mill, 203 

Bullard Man-Au-Trol vertical turret 
lathe, 208 
die cutter, 212 
planer, 202 
radial drill, 205 
'^setup bucl^^O^ 
shaping press, 211 
specialized welding machine, 207 
tabulating, 459 
textile, 3 
tiering, 186 

Machine-tabulation control methods, 492 
Mail-order houses, 421 
handling materials in, 191 
handling orders in, 521 
Maladjustment to work, causes of, 89-91 
Maintenance, cost of, 105, 260, 261 
function of, 259 
inspection in, 259 
of equipment, 465 
operation of, 260 
preventive, 259 
records of, 264 
remedial, 259 

supplies and equipment for, 266, 441 
Maintenance department, 256-268, 467 
charts of, 257, 258 

Management, and National Labor Rela- 
tions Act, 585, 592 
and organized labor, 583-593 
control by, 50 

cooperation of, with worker, 594-604 
decisions of, 28, 35 
duties of, 17 
factory, 462 
ownership and, 8, 9 
personnel, 532 
production, 462 
scientific, 9, 10, 21, 22, 586 
reaction of labor to, 686 
standards established by, 36, 113 
systematic, 68 

Management consultant, 23, 26 


Management department, 25 
Management movement, 15, 16, 23 
background of, 15 
future of, 26 

Manager, of distribution, 78 
of industrial relations, 78 
of manufacture, 78, 80 
of personnel, 79 
of production, 81 
sales, 362 
service, 82 

Manufacturing, job-lot, 162 
large-quantity, 624 
manager for, 78, 80 
standardized, 162 
to stock, 491 

Manufacturing department. 111, 123 
Manufacturing orders, 492 
Market, buyers’, 356 
extent of, 359 
nature of product and, 359 
local, 41 

Market Basket Index, 317 
Marketing, 6; see also Selling 
Marsto-Chron, 285 
Mass production, 524 
control of materials in, 628 
planting and control of, 524 
scheduling of, 525 
Materials, apportioned, 600 
control of, in mass production, 528 
direct, 408, 411 
handling of, 183-200 
and industrial engineer, 196 
and process engineer, 196 
and worker, 195 
between plants, 193 
equipment for, 184-186 
in mail-order houses, 191 
plant layout and, 186 
processing and, 189 
production volume and, 194 
indirect, 408 
inspection of, 143, 146 
issuance of, from storeroom, 458, 469 
on hand, 600 
requisition of, 600 
returned from shop, 460 
salvaging of, 267 
standard, 121, 123, 124, 126 
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Materials, standardization of, 121 
storage of, 468 
Materials department, 526 
Materials engineer, 122 
Mean, arithmetic, 295 
Measured day work, 336, 346 
Medical department, 656 
Mental tests, 548 

Merchandising department, 359, 362 
Metal-cutting experiments, Taylor’s, 18 
Metals, laminated, 132 
aluminum, 132 
Iconel, 132 
Monel, 132 
nickel, 132 
non-ferrous, 131, 132 
silver, 132 
stainless steel, 132 

Methodology, scientific, steps in, 423 
Methods department, 82, 475 
Microchronometer, 283, 284 
and motion-picture camera, 283 
Micromotion analysis, 290 
Middleman, 5, 6 
Midvale Steel Company, 17 
^^Minimum” method of finding operation 
time, 295 

Mnemonic nomenclature, 624 
of buildings, 632 
of machinery, 632 
of tools, 631 
summary of, 633 

“Modal” method of finding operation 
time, 295 

Monetary wages, 311 
Morale, 88, 537 
conditions that depress, 89 
factors in, 97-99 
of plant, 537 

Morale-building organizations, 92 
Motion and time study, 269-279 ; see also 
Time study 

and standard equipment, 272 
effects of, 271 
need for, 269 
objectives of, 310 

of elemental body movements, 293 
opposition to, 588 
preliminary study in, 269, 273, 274 
Motion Study, 270 
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Motion-and-time-study department, 123 
Motion-and-time-study engineer, 276 
qualifications of, 276 
Moulds, plaster investment, 135 
“Mule,” invention of, 2 

Nash-Kelvinator Corporation, 358 
National Bureau of Standards, 125 
National Industrial Conference Board, 
325, 390, 539 

National Labor Relations Act, 581, 583, 
585, 591, 592 
foreman and, 581 
management and, 585, 592 
worker and, 591 

National Labor Relations Board, 581 
Nitrocellulose cycle, 101 
Nomenclature, mnemonic, 624, 631, 632, 
633 

organization, 626 
product, 627 
raw-material, 629 
standard, 303, 621 
Non-ferrous metals, 131, 132 
aluminum, 131 
beryllium, 131 
brass, 131 
bronze, 131 
copper, 131 
lead, 132 
magnesium, 131 
nickel, 132 
silver, 132 

Numerical symbolization, 623 
Nunn-Bush Shoe Company, 601 

Objectives, 53 
of a business, 105 
of budget, 398 
of organization, 65 
of personnel management, 532 
of time and motion study, 272 
Occupational diseases, 612 
Oliver Machinery Company, organiza- 
zation chart of, 83, 86 
Operation time, abnormal, 294 
methods of computing, 294-296 
normal, 298, 299 
selected. 294. 295, 299 
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Operations, elementary, as basis of piece 
work, 20 

Ordering point, 432, 434 
Ordering quantity, 433, 434 
Orders, ^'blocks” of, 521 
for material, 456 
manufacturing, 492 
placing of, 381 
purchase, 382, 383, 386 
regular, 490 
rush, 490 
Organization, 50 
basic considefVitions in, 51 
departmental line, 65 
for sales, 357 
functional, 66-69 
fundamentals of, 52 
line, 65 

line-and-staff, 71 
military, 65 
morale-building, 92 
objectives of, 65 

of production-planning and control de- 
partment, 469 
research, 103, 107 
scalar, 65 

Organization department, 25 
Organization procedures, 93 
Organized labor, 583-593 
and management, 583-593 
Overhead burden, 408 
Overhead costs, 341, 408 
Ownership and management, 8 
effects of World Wars I and II on, 9 

Parts of machines, interchangeable, 7 
standardization of, 117 
Patent, 112, 415 

Payroll department, operation of, 324 
Pensions, 563 

Percentage-on-diminishing-value method 
of depreciation, 417 
Personal equation, 55 
Personnel, director of, 79, 583 
selection and promotion of, 90, 95 
Personnel administration, 532 
Personnel audit, 426 
Personnel department, 95, 533 
function of, 532 
size of, 539 


Personnel management, objectives of, 
532 

Personnel policy, 535 
extent of, 536 
interpretation of, 536 
nature of, 536 

paternalistic concepts of, 537 
Philadelphia Rapid Transit Company, 

317 

Physical examination of worker, 518 
Piece Rate System, A, 21 
Piece rates, 324, 326, 334; sec also Pie(*(' 
work 

based on established standards, 334 
Taylor's differential, 338 
Piece work, 17, 20, 324; see also Piece 
rates 

and wages, 17 

elementary operations as basis for, 20 
Pig iron, handling of, 18-20 
loading of, 19 
Place utility, 356, 368 
Planning, 50, 466 
Planning board, 509 
in production control, 498 
Planning clerk, 473 

Planning department, 81, 420, 466, 467 
Plant, see also Building 
layout of, 160, 476 
for job-lot manufacturing, 162 
for making standardized product, 
162 

roller conveyor in, 164 
location of, 36, 37-49, 52 
Plant investments, 177 
Plastic process, 138 
Plastics, 132 

Plymouth Motor Car Company, 530 
Policy, fonnation of, 11, 74 
Porter's wink counter, 284 
Possession utility, 356, 368 
Power, 233-240 
adequate, 237 
alternating-current, 235 
central-station, 233 
combination, 234 
direct-current, 235 
fuel storage for, 234 
isolated-plant, 234 
load factor in, 236 
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Power, maximum demand for, 234 
production of, 237-239 
by combination drive, 239 
by group drive, 238 
by individual-motor drive, 238-239 
by single-motor main drive, 237-238 
rates for, 237 
reliable service for, 234 
sources of, 233, 237 
Power department, 82 
Power factor, 236 
Power loom, 3 
Precipitron, 255 

Predetermination of cost, 123, 341 
Premium plan, Halsey, 330 
one-hundred per cent time, 344 
Rowan, 332 
Price, sales, 361 
Price field, 31 

Procedures, organization, 93 
Processes, centrifugal casting, 135 
die-casting, 137, 209 
electrolytic, 134 
extrusion, 134 
fusion, 138 
heat-treating, 136 
laminating of metals, 132 
lost-wax casting, 135 
plastic, 138 
Porous-Krome, 132 
powder moulding, 135 
precision casting, 135 
shot-peening, 134 
Taylor-White, 114 
welding, 137-139 
Producer’s good, 359 
Product engineer, 103, 105, 121 
Production, and wages, 318 
control of, 341, 462-474, 512 
decentralized, 522-523 
in diversified manufacturing, 512- 
523 

in mass-production industries, 524- 
531 

master schedule in, 463 
planning board and, 498 
prerequisites of successful, 468 
simple, 465 

with planning boards, 498 
cottage, 1 


Production, custom, 1 
domestic, 1 
handicraft, 1 
mass, 524, 525, 528 
research and, 126 
routing of, 475 
scheduling of quality, 525 
studies of, 307 
Production center, 162, 412 
as basis for distributing burden, 412 
Production management, 462 
Production manager, 81 
Production-planning and control depart- 
ment, 81, 88, 369, 465, 466, 469 
data needed by, 477 
functions of, in mass production, 529 
Products, by-products, 409 
design of, 101, 103, 104, 107, 112 
development of, 100-112 
joint, 409 

primary or major, 409 
standardization of, 113, 114 
synthetic, 101, 132, 133 
waste, 409 

Profit-sharing, 355, 594, 595 
objectives in, 596 
worker’s reactions to, 596 
Promotion, 550 
sales, 32, 357, 362 
Proprietorship, single, 12 
Purchase order, S82 
routing of, 383 
Purchase order number, 386 
Purchasing, 470 
hand-to-mouth, 376-377 
methods of, 377 
by requirement, 377 
contract, 378 

for specified future period, 377 
group, 378 
market, 377 
scheduled, 378 
speculative, 378 
policies of, 375 
reciprocal, 376 
records of, 385 

selecting sources of supply, 380 
Purchasing agent, 80 
Purchasing department, 122, 368-387, 526 
authority of, 375 
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Purchasing department, functions of, 368 
location of, 369 
organization of, 371 
Purchasing requisition, 380 
Purchasing specifications, 379 

Quality, 143 
and price, 31 
inspection of, 143 
Quality-control engineer, 122 
Quantities, maximum, 432 
minimum, 432 
Questionnaires, 604 
Quotations or bids, 381 
file of, 386 

Rate, based on past performance, 273 
cutting of, 326, 348 
day, 322 
guaranteed, 335 
for beginners, 349 
machine-hour, 411 
piece, 324, 326, 334, 338 
setting of, 272 

standard, for incentive pay, 303 
standard time, 273 
Real wages, 311 
Receiving, 384, 385 
of stores material, 456 
of worked material, 457 
Records, 59 
and cost control, 394 
of discharges, quits, and layoffs, 551 
stores, 455 
visible index, 497 
Recreational activities, 557 
athletics, 558 

Relationship, of foreman with men, 578 
of management and workers, 583-593, 
594-604 

of schedule clerk to line officers, 496 
Replacement program, 491 
Reports, see also Cards, Forms, and 
Tickets 

as aid to management, 58 
inspection, 457 
materials received, 457 
Research, and production, 111, 126 
and sales, 110 


Research, and top management. 111 
applied, 102 
coordination of, 106 
cost of, 105 

economic considerations in, 102 
historical background of, 100 
kinds of, 102 
market, 105 
need for, 100 
organization of, 103 
procedure in, 107 
product development and, 100-112 
Research department, 103 
Research organization, 103, 107 
Responsibility, fixed, 55, 94 
Rest periods, 302 
Restaurants, 558, S59 
Restrooms, 168, 560, SOI 
Retirement plans, 563 
Rockefeller Institute, 100 
Route file, 479, 480, 507 
Routing, 462, 466, 475, 476 
and scheduling, 486 
from bill of materials, 477 
of production, 475 
of several articles together, 480 
Rowan premium plan, 332 
Royal Metal Manufacturing Company, 
28 

Rules and regulations, operating, 60 

Safety, in industry, 605-618 

education of worker in, 60S, 609, 617 
frequency rate of accidents, 606 
prevention of injury, 609 
severity rate of accidents, 606, 613 
national, 47 
Safety engineer, 82 
Salaries, see also Wages 
of executives, 354 
of salesmen, 353 

Sales department, 110, 356;-^7, 492 
Sales force, 366 
maintenance of, 366 
remuneration of, 353 
selection of, 366 
training of, 366 
Sales manager, 362 
Sales outlets, 31 
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Sales price, 361 

Sales promotion, 32, 357, 362-363 
Sales quota, 364 
Salvaging materials, 267 
Sampling, 161 

Satisfactory wage plan, 315 
Savings clubs, 561 
Scalar principle, 54 
Schedule, master, 489, 490, 491 

based on productive capacity, 491 
for customers’ orders, 490 
for stock, 490 
in production control, 463 
Scheduling, 466, 488 
and routing, 486 
detailed, 494 

of quantity production, 525 
Schoenbein, Christian Friedrich, 101 
Secretary, 77, 78 
‘^Selected average” method, 295 
Sellers, William, 16 
Sellers’ market, 356 
Selling, economic function of, 356 
expense of, 407 
outlets for, 31 

Service, free, to purchaser, 361 
Service activities, 554 
employee, 554-563 
financial, 561 
insurance, 562 
locker rooms, 560 
medical, 554, 555 
recreational, 557 

restaurants, cafeterias, lunchwagons, 
558-560 

restrooms, 560, 561 
retirement plans, 563 
Service centers, 168 
Service manager, 82 
Setup-time allowance, 300 
Shipping, planned control in, 528 
Shop disciplinarian, 69 
Shop Management, 20, 21 
Simplification, 113, 116, 118 
advantages of, 116 
methods of securing, 116 
style and, 117 

Sinking-fund method of depreciation, 
417 


I Skill, transfer of, 3, 4, 5, 7 
Skylights, 231 

Sliding-scale method of wage payment^ 
319-321 

Smith, A. 0., Corporation, 201 
Smith, L. C., and Corona Typewriters, 
Inc., 213, 303, 438, 440 
Society of Automatic Engineers, 118 
Specialization, 65, 368 
geographic, 27 
industrial, 38 
principles of, 256 
regional, 37 

Specialized community, 44 
Spencer, Christopher M., 3 
Spinning jenny, 2 
Staff department, 73, 533 
Staff officer, 73 
Standard units, 343, 349 
Standard work units, 343 
Standardization, 121, 122, 124 
and cost predetermination, 123 
and production control, 123 
and worker, 120 

as a base line for management, 114 

movement toward, 118 

of materials, 121 

of parts, 117 

of product, 113, 116 

of tools, 215 

of work place, 210 

preferred numbers in, 119 

type, 121 

Standards, use of, in management, 113 
Steam engine, 7 

Steel, high-speed, 17, 18, 129, 130 
Steel alloys, 128-130 
Steel Workers’ Organizing Committee 
587 

Stock ownership by worker, 596 
Stock-chasers, 465 
Stockholders, 8 
Stop-watch, 280 
Storage, see also Storeroom 
of fuel, 235 

of standard materials, 468 
Storeroom, 444, 450, 456 
issuance of materials from, 458 
layout of, 446 
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Storeroom, location of, 444 
personnel of, 461 
records of, 465 

stowing materials in, 446, 458 
Stores, company, 563 
department, 271, 357 
mail-order, 521 
Stores-identification tags, 501 
Straight-line method of depreciation, 
416 

Studies, efficiency, 269 
of automatic machinery, 309 
time and motion, 269-310 
Suggestio#*blank, 602 
Suggestion systems, 601-603 
Superintendent, 81 
Supervision, 53 
consultive, 97 
definite lines of, 53 

Supervisor, 80, 90, 573; see also Foreman 
Supplies, control of, 441 
issuance of automotive type of, 459 
requisition of, 501 
Survey, economic, 46 
Symbolization, numerical, 623 
Symbols, for identification, 476 
in wage formulas, 329 
Synthetic products, 133 
glass, 133 
nylon, 133 
plastics, 133 
rayon, 133 
rubber, 101, 132 
Synthetic time values, 293 
Synthetic times, 290, 304 
standard, 293 
System, 51, 56 
factory, 1, 2, 3, 5 
task, 340 

task-and-bonus, 339, 341, 349 
Task system, 340 

Task-and-bonus scheme, 339, 341, 349 
Taylor, Frederick W., 16-23, 57, 66-69, 
114, 130, 165, 216, 329, 338, 427, 
462, 686, 687 
Taylor school, 21 
Telautograph, 631 


Testing equipment, automatic, 156 
electrical, 159 
gauges, 154-156 
laboratory, 159 
stroboscope, 159 
Timken Profilograph, 158 
X-ray, 159 

Tests, employment, 547-548 
Textile industry, 37 
Textile machinery, 3 
Therbligs, 275-276, 291 
Thompson Products Company, 604 
Tickets, see also Cards, Forms, and Re- 
ports 

from one master, 518 
identification-move, 615 
inspection, 507, 60S 
move, 500, 502, 616, 616 
operation, 60S, 60 4 
strip operation, 519, 620 
time, 506, 607, 509 
’time-inspection-move, 514, 517 
Time, for each element, 290 
methods of computing, 294-296 
operation, 294, 295, 299, 302 
standard, 278, 299 
synthetic, 290, 293, 304 
unit, 20 

Time study, 20, 123, 280-310; see also 
Motion and time study 
allowances in, 298-300 
attitude of labor toward, 587, 589, 307, 
310 

data of, 303, 310 
elements to be timed in, 274 
equipment for, 280 
fundamental element, 275 
leveling factor in, 296, 298 
objectives of, 272 
observations in, 287 
selecting operation for, 279 
I selecting operator for, 277 
I taking of, 289 
Time utility, 368 
* Tolerances, manufactming, 164 
Tool department, 82 
Toolroom operation, 466 
Tools, actual, 217 
and dies, 130 
auxiliary, 216 
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Tools, fastening, 217 
high-speed steel, 17, 18, 130, 218 
lathe, 218 

special production, 136 
standardization of, 215 
steel alloys in, 128-129, 131 
Towne, Henry R., 16 
Trade, foreign, 358 
Trade agreements, 603 
future of, 603 
Training, 564 
apprentice, 568 

coiTespondence courses for, 565 
for promotion, 570 
in-service, 366 

methods of instruction in, 565 
of supervisors, foremen, subexecutives, 
570, 572, 574 

of workers for special jobs, 566 
of workers on job, 569 
supervisor of, 573 
vestibule school of, 568, 569 
Training department, 564 
Transportation, cost of, 40 
internal, 166, 167 
shop, 465 
Treasurer, 77, 78 

Union contracts, 315, 319, 584 
Unions, 22, 323, 584 
company, 599, 600 
Taylor’s attitude toward, 22 
United States Bureau of Standards, 124 
United States Rubber Company, organi- 
zation chart of, 83, 85 

Ventilation, 246 

Vestibule training school, 568, 569 
Victor Adding Machine Company, 256, 
260 

. charts of, S57, 262, 263 

Wage formulas, 329 
symbols used in, 329 
Wage-payment .plans, 322, 347-^55 
Bedaux system 324, 343, 344, 349 
group, 347 
incentive, 328 
satisfactory, 315 
sliding scale, 319-^21 


Wages, above community level, 318 
and cost of living, 315 
fair, 313, 314 

industrial, basis of, 311-321 
monetary, 311 
of executive, 354 
of salesmen, 353 
piece-work basis of, 17 
power of, 311 

productivity as basis for, 318 
real, 311 

satisfactory, 312, 314 
sliding-scale method of payment of 
319-321 

Walworth Company, 118 
Waste, 409, 430 
Watch, decimal hour, 281 
decimal minute, 281 
stop-watch, 280 
Water frame, 2 
Watt, James, 3, 201 
Welding, 137-139 
White, J. Maunsel, 18, 114, 130 
Whitney, Eli, 7 
Work, adjustment to, 92-97 
causes of maladjustment to, 89-91 
measured day, 336, 346 
methods of improvement in, 270 
monotony in, 301 
order of, 498, 500 
piece, 17, 20, 324 

Work units, premium standard, 343 
Worker, and National Labor Relations 
Act, 591 

and standardization, 120 
cooperation of, in time studies, 307, 
310 

with management, 594-604 
degradation of, 4 
health of, 47, 548, 612 
introduction of, to job, 95, 549 
qualities of a well-grounded, 68 
reaction of, to company policy, 604 
to leadership, 96 
to profit-sharing, 596 
relationship of, to foreman, 578 
representation of, in works cpimcil, 
597 
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Worker, safety of, 605-618 
stock ownership of, 696 
training of, 366, 568 , 669 
Works councils, 597, 598 
and company unions, 600 
operation of, 599 


Works councils, representation of work^ 
in, 597 
types of, 599 
company union, 599 
industrial democracy, 599 
shop committee, 599 






